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PREFACE

This is a highly complex empirical study with many findings. The Executive Summary
provides an overview of the method, main findings, and major policy implications. Readers should

be advised that each chapter contains a detailed summary section that attempts to capture the

principal empirical findings discussed in the main body of the chapter. Since a final summary
chapter would be almost entirely redundant with these chapter summaries and the Executive
Summary, we have decided not to include a summary chapter in this report.

This research project was a collaborative effort of the staff at Higher Education Research
Institute. All of us participated in the data collection, analysis and preparation of the final report.
Individuals were assigned primary responsibility for drafting certain sections, as shown below:

Chapter 1  Sara T. Wakai, David E. Drew
Chapter 2 Eric L. Dey
Chapter 3 Alexander W. Astin

Chapter 4  Alexander W. Astin

Chapter 5 Helen S. Astin, Tamela M. Heath, Jeffrey F. Milem and Linda J. Sax
Chapter 6  Alexander W. Astin

Chapter 7 Eric L. Dey

Chapter 8  David E. Drew

Chapter 9 Helen S. Astin, Jeffrey F. Milem

Chapter 10 Tamara W. Schiff, Sara T. Wakai

Chapter 11 Tamela M. Heath

|

We are enormously indebted to Bill Korn for his talented assistance with the many technical
challenges involved in the preparation of the data files and for his assistance with various computer
analyses. Robin Bailey and Mary Rabb were our assistants who had primary responsibility for the

typing of this final report. We would also like to acknowledge the contributions of our former

Higher Education Research Institute colleagues who were involved in the early stages of this
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project. They assisted us with the design and data collection efforts. They are: Sylvia Hurtado.
Ronald D. Opp, and Guadalupe Anaya.

We are indebted, most of all, to the tens of thousands of students and faculty who completed
our surveys. We are also very appreciative of the following individuals who coordinated our visits
to the case study campuses: Dr. Robert (Bob) Massa (Johns Hopkins University); Dean Chris
Cullis (Case Western Reserve University); Dr. Tim Gilmour (Georgia Institute of Technaology);
Dr. Patricia Frick (Albion College); and Ms. Nora Jamison (Santa Clara University). The
students, faculty, and administrators we interviewed during these visits were most helpful and
were instrumental in helping us achieve a greater understanding of issues relating to science
education in American colleges and universities.

Finally, we are indeed appreciative of the National Science Foundation for providing us with
the funding resources for this project. We are especially indebted tc Iris Rotberg for her advice
and support during the first year and a half of this project. We wouid also like to acknowledge the
Exxon Education Foundation for their earlier support of a study of general education cutcomes

which made possible the collection of the data used in this study.

Alexander W. Astin, Helen S. Astin
November, 1992
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EXECUTIVE SUMMARY

The principal purpose of this empirical study was to identify factors in the backgrounds and
college experiences of American undergraduate students that affect their interest in studying science
and in pursuing science-related careers. Four-year longitudinal data were obtained from 27,065
freshmen who entered 388 four-year colleges and universities in the fall of 1985 and were
followed up four years later in the fall and winter of 1989-90. Ir addition to the longitudinal
questionnaire data, scores on college admissions tests (SAT or ACT) and on graduate and
professional school admissions tests taken four years later (GRE and MCAT) were also obtained.
For 24,331 of these students, extensive survey data were also obtained from members of their

faculties during 1989-90.

Changes in Careers and Majors During the Undergraduate Years

Between the freshman and the senior years, the percent of students majoring in fields of
natural science, mathematics, and engineering (SME) declines from 28.7 to 17.4, a 40 percent
relative decline. Losses are greatest in the biological sciences (50 percent decline) and engineering
(40 percent decline). The net loss in the physical sciences (including mathematics) is substantially
less (20 percent decline) in part because these fields recruit substantial numbers of engineering
dropouts during the undergraduate years. Indeed, there is evidence (see below) to suggest that the
presence of a ver.y large program in the physical sciences can accelerate the loss of engineering
students by attracting substantial numbers of these students away from engineering into the
physical sciences and mathematics.

Inclusion of psychology and the social sciences among “sciences” reduces the net loss during
the undergraduate years by about one-half. However, given that there is very little “traffic”
between psychology/social science and traditional SME fields durin g the undergraduate years, it is
probably unwise to combine these two large groupings into a single “science” category.

Considered as a career, engineering loses more than half of its students (53 percent decline)
during the undergraduate years. A similar loss (51 percent decline) occurs among students

pursuing careers as scientist/practitioners (primarily medical careers). However, the proportion of
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students aspiring to careers as research scientists (including college teachers of science) actually
shows a slight increase from (3.3 to 3.7 percent of the students) during the undergraduate years.
When all science-related careers are considered together (research scientist, engineer,
scientist/practitioner), the number of students pursuing such careers declines from one in four

(25.1 percent) to fewer than one in seven (14.2 percent) of the undergraduates.

Degree Aspirations and Transition to Graduate School

Despite the declining interest of students in science majors and careers during the college
years, interest in obtaining masters and doctorate degrees increases during this same period.
Consistent with decli~ing interest in scientist/practitioner careers, interest in the medical degree
declines sharply. Increased interest in masters’ degrees (specifically in business) is greatest among
students pursuing engineering careers, whereas increased interest in the PhD is strongest among

students planning to become research scientists or college science teachers.

Factors Affecting the Choice of Science Careers and Majors

Longitudinal multivariate analyses were used to assess the impact of “environmental” factors
(different types of institutions, programs, faculties, student peer groups) on choice of a science
major or science career. More than 100 potentially biasing characteristics of the entering freshmen
were first controlled before the impact of environmental variables was assessed.

The strongest and most consistent predictor of changes in students’ interest in science majors
or careers is the sudeats’ entering level of mathematical and academic competency. Well-prepared
students are more likely than other students both to persist in their initial choice of a science major
or career and to be recruited into science majors and careers during the undergraduate years.
Mathematical and academic preparation are also positive factors in the student’s initial (freshman)
interest in scientific majors and careers. These positive effects of mathematical and academic
preparation have important implication for future science education policy. For one thing, they
suggest that the numbers of students pursuing science majors and careers at the point of college
entry and the numbers maintaining (and switching into) such choices during the college years could
be increased if the overall level of mathematical competency in the high school population could be
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increased. There is also evidence to suggest that the numbers of students pursuing science majors
and careers could be increased if the level of overal] academic competency could be increased at the
secondary level,

Given that mathematical preparation and overall academic preparation are also related to the
student’s interest in pursuing advanced degrees, raising the overall level of mathematical and
academic competency at the high school and college undergraduate levels would also be likely to
increase the number of college graduates who go on to pursue advanced degrees in the sciences
and engineering,.

The net loss in the percentages cf students pursuing science.majors and careers during the
undergraduate yeass are roughly proportionate for men and women, although women are slightly
more likely to defect from engineering majors and careers. Women are slightly more likely than
men, however, to be recruited into psychology during the undergraduate years.

When it comes to race or ethnicity, Asian-American students show the stron gest predilection
for SME majors and careers (especially engineering); they also show the smallest proportionate
losses from science majors and science careers during the undergraduate years. White students
show larger proportionate losses from scientist-practitioner careers during college than do other
racial/ethnic groups.

A number of environmental factors were found to have significant effects. Student interest in
pursuing science majors and careers can be affected both by the characteristics of the peer group as
well as by the type of pedagogy the institution employs. The clearest and most consistent pattern
of environmental effects on student choice outcomes is associated with the concentration of student
peers in various fields of study. Basically, the greater the proportion of a student’s peers who are
majoring in a particular SME field, the greater the likelihood that that student will end up choosing a
career in the same field. For at least three categories of SME choices—physical science major,
engineering major, and engineering career—the effect is nonlinear, with the curve accelerating at
the high end of the distribution of relevant majors. This finding suggests that the ability of an

undergraduate SME major or program to retain or attract students depends in part on its reaching a




certain “critical mass.” However, it also appears that, as particular SME fields increase in size, they
may compete for students with other SME fields. This is especially true in the case of programs in
the physical sciences, which appear to attract students away from engineering as they increase in
size.

Other evidence supporting the importance of tlie peer group on choice of a science major or
career includes the positive effects of participating in honors programs and tutoring other students
and the negative effects of working off campus. Science students’ satisfaction with their
undergraduate experience is also negatively affected by a lack of community on the campus. Peer
group effects may also help to explain the positive effect of living on campus on aspirations for

advanced degrees.

Acquisition of Scientific Knowledge and Quantitative Competence

Much of the variance in GRE and MCAT performance four years after entering college can be
attributed to preexisting differences at the point of college entry. Among other things, this result
highlights the importance of precollegiate preparation: to a large extent students’ performance at
the time of graduation from college is constrained by precollegiate preparation, regardless of what
happens in college.

Findings regarding other precollegiate (input) factors are a cause for concern. That African
American students perform less well on the graduate admissions tests than would be expected from
their coliege admission test scores suggests that their undergraduate educational experiences are not
enhancing their scientific knowledge and mathematical skills to the same extent as is found with
members of other racial/ethnic groups. Thus, the substantial gaps in performance between African
American and other students that already exist at the time of college entry are actually widened
during college. A similar scenario characterizes the results for women. Performance gaps
favoring men at the point of college entry appear to widen during the undergraduate years, as
reflected in performance on the GRE Quantitative test and MCAT. A notable exception here is the
GRE Analytical test, where women actually perform better than do men with comparable SAT

scores at college entry.
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Since the environmental factors that affect test performance are very different from those that
enhance students’ interest in science, policies designed to enhance test-taking ability may not have
much of an effect on the number of students choosing science majors or careers. For example,
scores on both the GRE Quantitative and MCAT tests appear to be enhanced by exposure to a peer
group with high intellectual self-esteem and “peer competition” among students. Since peer groups
that are high in intellectual self-esteem would be likely to include many students who are interested
in science and math and who intend to pursue postgraduate study, simply affiliating with such a
peer group for four years may well provide the student with a more “science-oriented” experience
which could add something to his or her scientific and mathematical knowledge through informal
conversations, cocurricular activities, and other out-of-class experiences. Furthermore, exposure
to such a peer group would also enable the student to acquire more “tricks of the trade” in

preparing for graduate and professional school admissions tests.

The Undergraduate Experience in Science Education

The study provides extensive evidence documenting the importance of pedagogical practice.
In particular, the student’s interest in science majors and scientific careers appears 0 be positively
affected by conducting independent research, by assisting faculty in teaching courses, and by
involvement in faculty research projects. These same activities also enhance the student’s
satisfaction with science courses, with faculty, and with the overall institutional experience.

Having a faculty that is strongly student-centered enhances persistence in biological science
majors, recruitment into research careers (including college teaching), and satisfaction with the
faculty and curriculum. By contrast, having a strongly research-oriented faculty reduces
persistence among physical science majors and negatively affects student satisfaction. This last
finding can be explained in part by the tendency for strongly research-oriented faculties to rely
heavily on teaching assistants in their undergraduate courses.

Consistent with previous research suggesting that small liberal arts colleges tend to “over
produce” scientists, attending a large institution has negative effects on student persistence in

science majors and careers and on aspirations for advanced degrees. These effects appear to be

S

bes
s




Gy B O as EE e wEr AR g o0 o AP WD S 2D e AR o A

: — i

mediated in part by student-faculty contact: students generally have relatively little contact with
faculty in the larger institutions. Considering that our largest institutions, including many major
research universities, train most future college teachers, it is somewhat ironic that these same
institutions tend to have a negative effect on the undergraduate’s interest in pursuing careers both in

scientific research and in college teaching.

The Science Faculty

The study also revealed a number of striking differences in the pedagogical practices of
science and nonscience faculty, Compared to faculty in other fields, science faculty use more
hierarchical and authoritarian approaches in the classroom and are less likely to be student-centered
in their pedagogy. Specifically, science faculty are less likely to encourage students to participate
in classroom discussions, to employ cooperative learning strategies, or to encourage student-
selected topics. They are also more likely to lecture, to use multiple choice exams, and to feel that
the quality of their students is poor. They are less irterested in the student’s personal development
and less concerned with society’s ills and problems than nonscience faculty. As would be
expected, science faculty are also more likely than faculty in other fieids to indicate that their own

interests lean toward research more than teaching.

Institutional Differences

The study also provides a number of insights as to the types of educational experiences
typically encountered by science majors in different types of institutions. Especially dramatic are
the differences between the major universities and the liberal arts colleges in the experiences of
their science students. Beyond the more obvious attributes of universities—the frequent use of
graduate teaching assistants, the large classes, and the strong faculty inclination toward research—
we also find fewer opportunities for meaningful contact with faculty among university students
compared to their peers attending liberal arts colleges. All of these factors may well combine to
create an environment that serves to alienate university students and to discourage them from the

study of science.
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Finally, the study provides some important clues as to how undergraduate institutions of all
types can make their science programs more attractive and stimulating. Institutional leadership
appears to play a crucial role. In particular, the data suggest that faculty will be much more likely
to use active forms of teaching and learning if they work in an environment that encourages
interdisciplinary work, team teaching, and the incorporation of women’s and ethnic perspectives in
the general education curriculum. Indeed, a general campus climate of concern with issues of

diversity seems to encourage the use of student-centered pedagogy.

Five Case Studies

Many of these empirical findings are reinforced by the case studies. Five case study
institutions were selected because the quantitative data showed them to be especially successful in
encouraging retention and recruitment of students into SME majors and careers. The common
elements observed on each of these campuses by our site visit teams include an emphasis on
teaching, the availability of research opportunities for undergraduates, high levels of faculty-
student interaction, a supportive campus climate, and a high priority placed on undergraduate
education. Even in the two research universities we visited, where graduate education received
considerable emphasis, undergraduates were still considered to be equally important institutional
clients. This priority was reflected by the fact that virtually none of the science or engineering
departments used graduate students to teach undergraduate courses. Moreover, undergraduates
were given just as many opportunities for research as were the graduate students. In short, we did
not encounter the «ypical hierarchical arrangement—faculty-graduate students-undergraduates—that
exists at most research universities. Although the case studies also revealed that innovative
teaching methods were well received by students in the sciences, many faculty remain hesitant to

alter their traditional lecture approach in the classroom.
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CHAPTER 1

Introduction

Scientific research and technological development are closely linked to the economic strength
of this country and its international standing. I:; fact, scientific research is one of the few areas
where the United States continues to hold a preeminent world position. To this day, the lion’s
share of Nobel Prizes is awarded to American researchers. However, a significant deterioration in
the so-called “pipeline” of young people seeking science, mathematics and engineering (SME)
careers threatens the vitality of the national research effort.

Over the last decade there has been heightened recognition of the need to reform science
education. As the nation becomes increasingly dependent on science and technology, fewer
college students are expressing an interest in scientific fields of study. This diminishing pool of
talented individuals with expertise in the natural sciences and engineering is being called upon to
address an increasingly wide variety of issues inclucing national security, international economic
stability, medicine and health care, and social reform. In order to meet future national needs in
science and technology, we need to address the question of what institutions of higher education
can do to attract and retain more students in the sciences. The present study examines SME talent
among undergraduates attending American colleges and universities. It uses lon gitudinal data from
a national sample of American undergraduates to examine a wide range of factors that can influence
students’ interest in science, aspirations for scientific careers, and quantitative learning during the

undergraduate years.
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Overview of Recent Literature

Recent studies of changes in the career and major field preferences of American
undergraduates (Dey, Astin, & Korn, 1991; Green, 1989) indicate that the percentage of freshmen
selecting SME majors and careers is decreasing (see tables in Appendix D for trends). In addition,
Census data reveal that colleges and universities in the U.S. have experienced a decline in
enrollments in their science and engineering programs. For example, in 1980, the total number of
bachelor’s degrees conferred in engineering was 68,893. While this figure rose to 94,444 in
1984, by 1988 it had dropped to 88,791. A more dramatic decline has occurred in the life
sciences. In 1980, the number of degrees conferred in the life sciences was 46,370. This figure
dropped in 1984 to 38,640 and in 1988 the number had dropped even further to 36,736 (U.S.
Bureau of the Census,\199l).

There is also evidence that interest in science is declining at the pre-college level. Yager and
Penick (1986) have reported a sharp decline in the percentage of students who report that science is
interesting (and the concomitant increase in reports that science is boring) as students go through
the K-12 system.

A related concern is the level of scientific achievement among American students. The
International Association for the Evaluation of Educational Achievement (IEA) conducted a study of
science achievement in 17 countries. The study found the achievement levels of American ten-
year-olds to be about average when compared to countries like Australia, Finland, Hong Kong,
Hungary, Japan, the Philippines, Poland, Sweden, and Thailand. American 14-year-olds,
however, tied for fourteenth place, and American high school seniors, came in last, or close to last,
depending on the discipline. The authors of this international study said this about the United
States: “For a technologically advanced country, it would appear that a re-examination of how
science is presented and studied is required” (1988, p. 9).

Still another concern is related to the gender and ethnic diversity of the scientific work force.

In addition to strong equity concerns, it is important to note from a practical perspective that the

1-2
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scientific work force could be substantially increased if women, African Americans and Latinos
were to enter the sciences in the same proportions as white and Asian American men.

In order to better understand the problems of SME education and to develop potential
solutions, researchers have examined a variety of elements that may influence students’ attraction
to and retention in the sciences. A useful metaphor for discussing these issues is the science
“pipeline,” which indicates when and where students enter and leave the sciences. Factors that can
affect these “flows” include role models, achievement levels, self-concept, classroom experiences,

and the peer group.

The Science Pipeline
| College is a crucial component in the science pipeline. This is the point at which young
people must make career commitments, particularly if they are going into SME. The trends in the
percentage of freshmen selecting SME majors and careers have been documented previously by
researchers from the Higher Education Research Institute (HERI) (see Dey, Astin, & Korn, 1991).
But what happens at the pre-collegiate level? As noted earlier, the number of students who
find science interesting seems to shrink as students progress through the K-12 school system. In

¥
demonstrating this point, Yager and Penick (1986) concluded that, “the more years our students

enroll in science courses, the less they like it. Obviously, if one of our goals is for students to

enjoy science and feel successful at it, we should quit teaching science in third grade. Or perhaps
we should try teaching it differently” (p. 360).

Carl Sagan (1989) commented that when he visited a kindergarten class he found himself in a
class full of young scientists, who asked provocative, enlightening, insightful questions and who
were clearly enthused and excited about science. But when he visited a high school class, the
students were much'éless interested. Somewhere between kindergarten and high school students

have lost interest and enthusiasm in science. Some research suggests that the danger area may be

junior high school.
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Among those who locate junior high school as a critical time in the educational pipeline are
James and Smith (1985) who observe:
There are some disturbing explanations for such a dramatic drop in
positive attitude toward science at the seventh grade level. One
possibility is that the seventh grade is often the first time that science is
treated as a separate subject in a separate classroom. Further, it is
usually required at this grade level. Seventh grade science may be one
of the earliest attempts to require students to use self-directed problem
solving techniques to a greater degree than in earlier grades. Perhaps
this additional rigor explains the response. Since K-6 science is

frequently not graded, seventh grade may be the first time students’
work has been evaluated. (p. 45)

F. James Rutherford who, in a report to the American Association to the Advancement of
Science, concludes: “You have to know something is wrong when teaching something as exciting
as science can result in most of us disliking it” (Connel, 1989, p. 26).

Berryman (1983) analyzed the educational paths tha+ provide the “talent pool” for scientific
professions. She found that students’ interest in science first appears in elementary school and the
numbers grow until just before the 9th grade. During high school a few students enter the pool but
many more exit. By the time students enter college the flow is almost entirely outward.

The science pipeline for women has a slightly different pattern. Qakes (1990c) describes the
underrepresentation of women in science as a reflection of their declining participation in science
throughout the educational pipeline. While girls in elementary school exhibit the same math and
science abilities as boys do, they express less interest in these fields. By junior high schonl,
achievement of boys and girls is still comparable within math and science courses, but girls are
taking fewer math and science courses than boys are. By senior high school, women are taking
even fewer courses in math and science relative to men (Dearman & Plisko, 1981; Frieze &
Hanusa, 1984; Matyas, 1985). Since high school math and science courses are usually
prerequisites for college science courses many women lack the academic preparation which is
necessary to pursue scientific ﬁ'elds in college (Brush, 1985; Oakes 1990a, 1990c; Vetter, 1989).

At the point of college entry, women’s interest in science is well below that of the men. Among
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college freshmen in 1990, 24% of men, and only 7% of women, reported that they would major in
biological science, physical science, or engineering (Dey, Astin, & Kom, 1991).

Unlike women, African American and Hispanic students begin the process of dropping out
of the science pipeline as early as elementary school (Oakes, 1990a; 1990b). Differential
achievement levels seem to play a crucial role here. African Americans and Hispanics often exhibit
lower achievement scores in math and science than do white and Asian American students (Oakes,
1990c). As a result, many African American and Hispanic students are placed into remedial
educational tracks early in their education. These lower tracks tend to require fewer math and
science classes (Oakes, 1990a; 1990b). By the time they reach high school age, these minority
students are not able to compete at the level of their white counterparts. As students reach college
age, the gap between minority students and white students widens. African American and
Hispanic students are thus less likely to enroll in college than are white or Asian American students
(Oakes, 1990c), and those who do enroll are less likely to major in a science or engineering field
(Task Force, 1988). Moreover, minority science majors are likely to receive lower college grades
than white students, in part because of their inadequate high school preparation (Nettles, 1986).

In order to develop possible solutions to these problems, it is necessary to identify forces that
may influence students’ attraction and retention in the sciences. The following includes many of

the salient concemns of science and mathematics reform.

Role Models and Mentors

Itis widely believed that college students planning science careers need access to professors
who are positive role models. Research indicates that faculty role models and mentors are
particularly important for women and students of color. Through active encouragement, female
role models promote positive attitudes towards mathematics among girls (Casserly, 1979; Casserly
& Rock, 1985). A study of freshmen found that women with female high school mathematics
teachers had higher SAT scores than women with all male teachers. The study also noted that

women who had female role models in high school were three times as likely to receive A’s in their
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college mathematics courses. This effect was not attributed to the superior teaching of wornen
since it did not appear to impact the achievement of male students (Boli, Allen, & Payne, 1985) but
rather to their roles as mentors. A study of first-year math honors students indicated that positive
encouragernent from faculty, friends and family had positive effects on retaining women in science
(Women in Higher Education, 1992). It appears that women may be particularly receptive to
support from role models. The encouragement of teachers, counselors, and family members may

help them to overcome negative perceptions of mathematics and science.

Attitudes Toward Science and Mathematics

Research reveals that mastery of math may be the single factor most related to an individual’s
success in college and beyond. Sells (1973) coined the term “critical filter” to depict the
importance of math achievement on college majors. With the increasing reliance on computers and
statistics, many non-scientific fields such as business and social science are raising their math
requirements for graduation (Steen, 1987).

However, negative attitudes about math achievement are often based on incorrect
assumptions about who can learn this subject. The avoidance of math is the hidden factor that

explains career decisions made by many young people (Tobias, 1978). There are people who want

to be dectors and dentists but who choose other careers so they won’t have to take math in college.

Classroom Experiences and Achievement in Science

Research indicates that even when our educational system works for white, middle-ciass,
male students, it discourages women and minorities from SME careers (Oakes, 1990c; Tobias,
1990). The attitudes and expectations held by teachers ébout the capabilities of women and
miinority students often contribute to the problem. It’s disturbing that many teachers erroneously
believe that certain kinds of students cannot do math. It is tragic when students incorporate these
devastating myths into their seif-concepts and, as a result, lower their aspirations.

The nature of the actual experience in the science classroom also short-changes many

students, especially women and students of color. In her work designed to assess the problem
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with science education in institutions of higher education, Sheila Tobias (1990) argues that no
student should be allowed to leave the sciences “without a struggle.” Tobias believes that much of
the problem with undergraduate science education is in students’ early college experiences with
science. In assessing how students experience introductory science classes, Tobias looked at a
group of students she jabeled “the second tier.” These students are important because, Tobias
argues, keeping students with high aptitude and high interest in science is not enough to meet the
increased need for scientists in the future. As Tobias puts it students from the “first tier” are
curriculum proof and will most likely succeed no matter what their experiences are in science
classrooms.

This “second tier” is comprised of students with some aptitude for science and varying
degrees of interest in pursuing science education. However, based upon their experiences in
introductory college science courses, these students are driven away from pursuing study in
science-relatea fields. She believes that if science education were to be restructured or
reconfigured, many of these students would continue to pursue undergraduate science majors.

The curriculum, method of instruction, and evaluation techniques in the science classroom
are the central problems identified by Tobias. She argues that introductory science courses are
designed to weed out all but those who are in the “top tier.” Science classes are extremely
competitive, which proves to be intimidating for the majority of students who enter science
courses. The students who participated in her study commented that one of the things they missed

the most in these classes was the sense of community with their peers.

Peer Group Effects

Davis (1966) argued that undergraduate career choice is a function of “academic self-
rconcept,” which, in turn, is based on a student’s assessment of his/her performance relative to that
of other students in his/her college environment. There are two basic theories that are posed to

explain students’ performance in relationship to that of their peers. The relative deprivation theory

that suggests that students will increase their sense of self and their aspirations if they are “big




frogs in a smali pond.” A different school of thought is represented by the environmental press

theorists, who argue that students’ achievement and aspirations are a function of the sociél context.
Basically, these theorists attribute different effects to the role of college quality and selectivity on
students. According to the relative deprivation theory, selectivity should have a negative effect on
aspirations because it has a negative effect on academic achievement (that ‘s, a given student will
have a harder time earning good grades at a highly selective college). Environmental press theory,
on the other hand, maintains that selectivity should positively affect aspirations, since an
undergraduate will perform best and aim highest at a school where most of his/her fellow students
have high aspirations and are superior academically. While these two theories differ in their
interpretation of peer effects both agree on the importance of peers on student aspirations,

achievement and ultimate career choice.

The Present Study
The present study is designed to examine a wide range of environmental influences on the
production of scientific talent using longitudinal data from a national sample of American
undergraduate students. The study explores some of the following questions:
*  What types of campus environments are most successful in preparing students for careers
in the sci’ences?
*  What types of campus environments are most successful in retaining student talent in the
sciences?
* How important is the degrec of faculty involvement in teaching and mentoring
undergraduates (as opposed to research and outside professional activities)?
* How important is institutional type (small liberal arts colleges, research universities, etc.)
in the development of scientific talent?
* Are there significant interactions between types of institutions, curriculum, student-

faculty contact, and other environmental factors?
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» Do the characteristics of the student peer groups (e.g., level of interest in science, degree
of academic preparation, etc.) have any influence on the development of student interest
in scientific careers?

*  What environmental factors seem to be most important in the development of

mathematical and quantitative expertise?

This research report includes ten chapters in addition to this Introductory chapter. Chapter 2
describes the methodology employed. It includes a description of the samples used and the
methods of analysis. Chapter 3 presents a descriptive analysis of changes in majors and careers
during the college years. Chapter 4 presents and discusses the factors that contribute to students’
majoring in SME fields and to their aspirations for scientific and engineering careers. Chapter 5
presents an analysis of factors in persistence, defection, and recruitment into science and
engineering (majors and careers). Chapter 6 identifies college experiences that affect cognitive
growth as reflected in the mathematics part of the graduate record examination. Chapter 7 presents
the analysis of findings with respect to pursuing graduate and/or professional education in SME
fields. Chapter 8 examines what contributes to students’ satisfaction with respect to science
courses and lab facilities. It also looks at changes in self-esteem and expectations about doing
science successfully. Chapter 9 deals with science faculty, and it examines iheir classroom
behavior and pedagogical practices as well as their views and attitudes in general. Chapter 10
presents a summary of findings from site visits at five institutions that have been performing better
than average with respect to undergraduate science education. Chapter 11 describes the various
programs available at institutions of higher education designed to encourage the participation of
students of color in science education. It looks at the types of institutions that host such programs

and examines the impact of these programs on students’ science aspirations and achievement.
p
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CHAPTER 2

Data and Metheds

This study’s main goal is to examine the development of science and engineering talent
among undergraduates attending American colleges and universities. The study involves the
quantitative analysis of survey data coliected from students and faculty at a diverse set of colleges
and universities, as well as intensive case studies of five institutions which were identified
(through a series of multivariate analyses) as being effective at promoting science-related outcomes
among undergraduates. These site visits provide additional qualitative data on those campuses that
have been particularly successful according to our analyses of outcomes. The purpose of this
chapter is to provide an overview of the basic study design, and to provide details on the sampling

and analytical procedures used in the quantitative portions of the study.

Design of the Study
Two basic types of analyses are used in this report: descriptive and causal. Descriptive
analyses, which are intended simply to describe the current state of one variable (or a small set of
variables), rely- primarily on basic descriptive statistics (X, S.D., etc.) and crosstabulations. For
causal analyses, the study employs a conceptual framework used in previous longitudinal college
impact studies (see Astin 1970a, 1970b, 1977, 1993). This model, the “input-environment—
outcome” (or I-E-0) model is designed to address the basic methodological problem with all

naturalistic (non—experimental) studies in education and the social sciences, namely the non—

random assignment of people (inputs) to programs (environments). Since different types of

educational programs tend to attract students who are different to begin with, the student
“outcomes” of these programs may not necessarily reflect differential program impact, but simply
differences in the characteristics of the entering students in the different programs.

The challenge to the researcher is thus to separate the “environmental” effecis on student
outcomes from the “input” effects. While one can never be absolutely sure that all possible biases

resulting from differential student inputs have been identified and controlled, the purpose of the




e

input-environmental-output design is to eliminate as much of the input bias as possible. The
ultimate goal, of course, is to maximize the chances that any inferences about environmental
influence will be valid. This goal is best realized by examining the effects of environmental
variables only after first controlling for the effects of student input characteristics. Thus, in order to
implement the I-E-O model, data are needed on “three conceptually different components: student
outputs [or dependent variables], student inputs, and the college environment” (Astin, 1970a, p.
224). Using the I-E-O model and information about these three components, researchers search for
the “differential effects of educational operations |i.e., college environments} on educational

outputs” (Astin & Panos, 1971, p. 749).

Data Analysis

The most versatile method for implementing the input-environment—output model is blocked
stepwise multiple regression analysis. A separate analysis was conducted with each dependent or
outcome variable.

The basic procedure is first to control for the effects of input (control) variables, and then to
determine if the environmental variables add anything to the prediction of the dependent variable,
Both input and environmental variables can be entered sequentially (“blocked”) according to their
sequence Qf occurrence. Variables within each block are entered in a stepwise fashion until no
additional \;ariables within that block are capable of producing a significant reduction in the residual
sum of squares of the dependent variable, after the next block of variables in the sequence is
considered for entry.

Blocking of input variables is normally done within the following sequence: demographic
characteristics, high school activities and achievements, and affective or subjective variables
(aspirations, values, expectations for college, etc.) as assessed at the time of college entry.
En‘vironmental variables are normally blocked in the following sequence: between—institution
variables, within—institution variables that can be known at the point of initial matriculation,

followed by all other within—institution variables. Some explanation for the blocking of within—




institution environmental variables is needed. Within—institution variables that can be known at the
point of entry (financial aid or place of residence, for example) are clearly antecedent in their order
of occurrence to any of the dependent or outcome variables. On the other hand, environmental
variables which can be known only after the student has been exposed to the environment for a
period of time (time spent studying, for example) are not necessarily antecedent to the dependent
variables. Thus, their possible causal relations to the dependent variables are ambiguous.
Accordingly, the position of the ‘intermediate outcome’ measures in the regression is left until the
very end and any findings based on their entry to the regression equation are necessarily interpreted
with a considerable degree of caution. Ary findings based on such variables are necessarily
ambiguous and subject to alternative interpretations.

The basic rationale behind the input-environment—design is to rule out as many potentially
biasing input variables as possible in order to minimize risk in interpreting possible causal
relationships between environmental and outcome variables. A particularly interesting use of this
form of stepwise regression is a technique developed at the Higher Education Research Institute
which allows the investigator to get a detailed understanding of the colinearity among the various
independent variables. Basically, the computerized regression routine allows one to follow changes
in the partial correlations of all independent variables through each step of the regression analysis.
By observing how the entry of one particular variable affects the partial correlations of all of the
other variables (in and out of the equation) with the dependent variable, it becomes possible to
determine how the colinearity is affecting the entire regression process at each stage. The I-E-O
model is also discussed in the introductory sections of Chapter 4. For more details on the
application of this model and on more technical matters such as how to deal with measurement

error in the input variables, see Astin (1970a, 1970b, 1977, 1991).

Outcome (Dependent) Variables

The principal dependent variables for this study are listed below, and are covered in the

following chapters:



* Choice of a scientific career (Chapters 3, 4, and 5)
+ Choice of a science major (Chapters 3, 4, and 5)
+ Quantitative d scientific skill levels (as measured by the GRE-Quantitative and
MCAT tests; pratested with the SAT / ACT tests) (Chapter 6)

* Degree aspirations and the transidon to graduate study (Chapter 7)

+ Student satisfaction (with science and mathematics courses, labo.atory facilities and
equipment, library facilities, computer facilities, opportunities to discuss course
work and assignments outside of class with professors; and amount of contact with
faculty and administrators) (Chapter 8)

+ Characteristics and pedagogical ‘techniques used by science faculty (Chapter 9)

With the exception of the quantitative skill development, data were collected directly from
students through a follow—up survey. The quantitative skill measure (along with performance data
on other college and graduaic admissions tests) was obtained directly from testing agencies. We
believe that these scores represent an invaluable data resource for assessing the impact of various
undergraduate programs and experiences on the mathematical and quantirative skills of

undergraduates.

Environmental (Independent) Variables

Data on a variety of environmental variables were obtained from :hree main sources: a 1989
student follow—up questionnaire, the 1989 survey of faculty, and the institutional characteristics
files of the Higher Education Research Institute. Two basic classes of variables were employed:
“between—institution” environmental measures which characterize the entire institution, and
“within—institution” environmental variables which can vary within a given institution from student

to student.
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Between—institution environmental variables include the following:

~ Institutional “type” characteristics (size, selectivity, student-faculty ratios, per student

expenditures for various purposes, federal support for research (total plus per student
total), percent of graduate students in the student body, as well as a variety of dummy
variables: university, four-year college, public versus private, single sex versus
coeducational, geographic region, and predominant race of the student body).

Faculty “climate” measures include certain a priori measures as well as measures obtained
from a factor analytic study of mean faculty responses to sted survey questions;
measures of obvious relevance to the current study include the relative involvement of
faculty in research versus teaching, reliance on teaching assistants in lower division
instruction, teaching loads, frequency and type of personal contact between faculty and
students, scholarly productivity of facuity, and percent of faculty in science-related
fields).

Curriculum (characteristics of the general education curriculum such as structure (core
versus distributional system, flexibility of choices available to students, degree of

interdisciplinary emphasis in the curriculum).

* “Peer climate” measures (obtained through factor analytic studies of mean responses of the

entire entering class to the 1985 freshman questionnaire. Measures of direct relevance to
the current study include level of student interest in science, research, or graduate
education, racial composition of the student body, sex ratio in the student body, and the

socioeconomic level of the students’ parents).

Within—institution variables known at the time of freshman entry include the following :

* Financial aid (relative reliance of students on support from parents, federal loans, grants,

or work—study, institutional loans and grants, and other sources).
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Planned freshman place of residence (dormitories, private rooms or apartments, with
parents).

Initial choice of a major field of study

Other (later-occurring) within-institution ( “intermediate outcome” ) measures include:

Different forms of student “involvement” (in professors’ research projects, assisting
faculty in teaching courses, enrollment in honors courses, remedial courses, study abroad,
college internship programs, and extracurricular activites).

Work patterns (hours of employment, place of employment, type of work).

Time allocation (relative hours per week spent studying, attending classes or labs,
socializing, participating in research, watching television, using computers, and so on).
Type and amount of contact with faculty (from the students’ perspective; also to be

measured from the faculty’s perspective, as noted above).

Input (Conirol) Variables

Information on input or control variables was obtained from ihe questionnaire completed

when the students entered college as freshman in 1985 and from the admissions tests scores

described above. Specific input measures include the following:

“Pretests” on relevant outcome or intermediate outcome variables.

Demographic characteristics (race, gender and religion; parental income, education, and
occupation).

Secondary school achievements and activities (grade point average, election to academic
honor societies, participation in science contests, use of a personal computer).

Reasons for attending college (to gain a general education, to learn more, to prepare for
graduate school, to get a better job, to make more money, etc.).

Personal values (importance of making a theoretical contribution to science, becoming an

authority in one’s field, obtaining recognition from colleagues, etc.).
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* Expectations for college (to change major, change career, graduate with honors, drop out
or transfer, be satisfied with college, etc.).

* Self—concept (self-ratings on academic ability, mathematical ability, drive to achicve,
intellectual self—confidence, etc.).

* High school course work (number of years of mathematics, physical science, biological

science, computer science, eic.).

Data Sources

Data used in this study were collected as part of the Cooperative Institutional Research
Program (CIRP). The CIRP freshman survey program, which is sponsored by the American
Council on Education and the Higher Education Research Institute (HERI) at the University of
California, Los Angeles, annually collects a broad array of student background information using
the Student Information Form (SIF; see Astin, Panos, & Creager, 1966), and is designed to
longitudinally assess the impact of college on students. Most of the data for this study are drawn
from the 1985 SIF administered to freshmen, the 1989 Follow—up Survey of 1985 Freshmen, and
the 1989 Faculty Survey. These instruments can be found in Appendix A. Additional data were
obtained from a variety of others sources, including the College Entrance Examination Board, the
Educational Testing Service, the Association of Medical Colleges, the American College Testing
Program, the U.S. Department of Education, and the National Science Foundation.

The freshman SIF, Follow—-up, and Faculty data are ideally suited for undergraduate science
pipeline issues. First, the freshman SIF and Follow—up data are longitudinal. This design makes it
possible to measure student change and development directly rather than attempting to infer it from
cross—sectional data (Feldman & Newcomb, 1969; Stanle,” & Campbell, 1963). Secondly, these
three datasets are multi—institutional. Collecting data from a diverse set of institutions makes it
possible to accurately assess institutional effects on student outcomes by representing a wide

variation in environmental measures (see Astin, 1970b).
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The Student Information Form

The Student Information Form (SIF) was distributed to campuses in the Spring and Summer
of 1985 for distribution to coilege freshmen during orientation programs and in the first few weeks
of fall classes. As part of the 1985 freshman survey, the CIRP invited 2,741 institutions to
participate. Of these, 546 institutions (20%) accepted and were able to participate. Approximately
200 of these institutions represent the stratified random sample that was originally selected in 1966;
repeat participation among this original group is about 90 percent from year to year. Thus 279,985
students at 546 participating colleges and universities completed the SIF.

Survey participants at 181 institutions were excluded from the SIF normative population
because of a low rate of return from their college as a whole (usually below 75%). This left
192,453 students at 372 institutions in the national normative population (Astin, Green, Korn, &
Schalit, 1985, p. 97). Given our focus on baccalaureate programs in science, we have limited our
analyses to four-year colleges and universities. The number of four—year institutions by

institutional type that are included in the 1985 CIRP normative population are shown in Table 2.1.

g?g;b%;:ion of Particigating Institutions by Institutional nge, 1985 CIRP Freshman Survg
Number of Institutions
Population of CIRP CIRP Normative
Institutional Type Institutions Participants Population
Public universities 120 41 27
Private universities 80 33 24
Public four-year colleges 344 64 35
Private nonsectarian colleges 399 146 103
Private denominational colleges 534 170 120
Historically Black colleges 87 19 9
All institutions 1,564 473 318

Note: Adapted from Tables A-1 and A-3, Astin et al., (1985). Four-year colleges and universities only.
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The Follow-up Survey

Since 1982, the Higher Education Research Institute has been conducting regular follow—up
surveys of entering classes of college freshmen two and four years later. These follow—ups, when
linked with freshman SIF data, are designed to assess a wide-range of student experiences and
undergraduate achievements and to provide a longitudinal database for studying how different
college environments influence student development (see Higher Education Research Institute,
1991).

For each student who was sent a follow—up survey, additional student information was
solicited from several other sources. Admissions test scores (SAT or ACT) were provided directly
by the Educational Testing Service and the American College Testing Program, respectively.
Testing agencies also provided scores for the Graduate Record Exam (GRE) and the Medical
College Admission Test (MCAT). In addition, academic information (or “regisirar’s data”) was
solicited directly from institutions. Rosters of names of students in the follow—up sample were sent
to CIRP institutional representatives requesting the following information on each student: degree
earned (if any), number of years completed, and whether the student was still enrolled.

In 1989, three separate samples of students were selected from the 1985 CIRP normative
population to be sent the 1989 Follow—up Survey. Since these samples were developed for
different purposes, they differ from one another in terms of their sampling design and intended
use. These characteristics are described below. |

HERI random sample. The first sample of Follow-up Survey data to be used in these
analyses is called the ‘random sample.’ The HERI random sample was drawn using a stratified,
random sampling procedure designed to ensure an adequate representation of student respondents
from different types of higher education institutions (see Higher Education Research Institute,
1991). Using a stratification scheme that classified institutions by type and selectivity into one of
23 cells, a sample of approximately 17,000 students was drawn from four-year institutions in the
CIRP national norms (i.e., those institutions whose response rates to the freshman survey were

judged representative of their entering freshman class). This sample size was selected based upon
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earlier Follow—up Survey response rates and was designed to yield a minimum of 175 respondents
in each stratification cell.

The Follow-up Survey instrument was sent to students in late June, 1989. A second wave of
Follow-up Surveys was mailed to non-respondents in mid-August, 1989. The response rate to
the Follow—up Survey was slightly lower than in previous Follow—up Surveys, averaging some
24% over the random sample of freshmen entering four-year colleges and universities. The lower—
than—expected rate can most probably be attributed to (a) the continuing general decline in response
rates to mail surveys caused by the arrival of mass-mailing advertising campaigns (see Groves,
1989); and (b) the expansion of the Follow-up Survey form from its typical four—page format to
an expanded six—page version. Response rates for the random sample by institutional type can be

found in Table 2.2.

@

Table 2.2
Response Rate by Institutional Type,
1989 Follow-up Survey of 1985 Freshmen, HERI Random Sample

Original Returned Response
Institutional Type N N Rate
Public universities 2,824 679 24%
Private universities  ° 2,244 647 29
Public four-year colleges 2,763 615 22
Private nonsectarian colleges 2,777 751 27
Private denominational colleges 4,191 1067 25
Historically black colleges 1,859 157 8
All institutions 16,658 3,916 24

Exxon General Education sample. In undertaking a national study of general education
outcomes sponsored by the Exxon Foundation, an additional sample of students was selected to be
followed up from the same cohort (i.e., 1985 freshinen). These students attended institutions that
were selected to participate in the general education study because of the structure of their

undergraduate curriculum.
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To assess curricular structure, detailed information was collected from college catalogs and
then factor analyzed (see Hurtado, Astin, & Dey, 1991). Using this curricular information,
institutions were invited to participate in the general education study because they (a) had a
curricular structure that was representative of one of the curricular types identified in the previous
study; and (b) had other institutional characteristics (such as size, type, minority enrollment, etc.)
that would maximize the variability of institutions in the sample. Using these criteria, 52
institutions were selected for inclusion in the general education project sample.

Updated addresses for the entire cohort of 1985 first—time, full-time freshmen attending
these institutions were provided by campus registrars at institutions. Institutions also provided an
institutional cover letter (typically signed by the President, Chancellor, or Chief Academic Officer
at that institution) that encouraged students to respond. Students in the Exxon sample were sent
surveys on the same two-wave schedule outlined above. A limited third-wave of questionnaires
was sent to (a) all minority non-respondents; and (b) non-responding students attending
institutions whose average response rate was below 25%. Table 2.3 shows student response rates

for the Exxon general education sample.

Table 2.3
Response Rate by Institutional Type, 1989 Follow-up of 1985 Freshmen,
Exxon General Education Samgle
Number of Original Number of  Percent
Institutional Type Institutions Sample Respondents Returned
Public universities 8 17,402 4,768 27
Private universities 4 3,654 1,537 42
Public four-year colleges 4 1,878 459 24
Private nonsectarian colleges 15 5,464 2,195 40
Private denominational colleges 18 4,501 1,546 34
Historically black colleges 3 1,424 299 21
All institutions 52 34,323 10,804 31
2-11
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NSF Sample Supplement. In the Fall of 1989, HERI was awarded a grant from the
National Science Foundation (NSF) to perform a large scale evaluation of undergraduate science
education in the United States. Specifically, NSF provided funds with which to supplement the
Exxon Foundation sample. The NSF sample supplement was primarily designed to add about 100
institutions to the Exxon-sponsored general education sample to correct for an underrepresentation
of certain types of institutions (most notably, public four—year institutions) in the Exxon sample.
Within each institutional type grouping (e.g., private universities), approximately ecral numbers of
institutions were selected for each selectivity level. Table 2.4 shows the distribution of institutions

in the CIRP, Exxon, and NSF samples.

Table 2.4
Institutional Characteristics of the CIRP Freshman,

Exxon Follow-ug, and NSF Follow-ug Survez Samgles

I w- rv
1985 CIRP Exxon NSF  Combined
Institutional Type Nomm Population Sample Sample  Samples
Public universities 27 8 11 17
Private universities 24 4 17 21
Public four-year colleges 35 4 15 19
Private nonsectarian colleges 103 15 18 33
Private denominational colleges 120 18 34 52
Historically Black colleges 9 3 5 8
All institutions 318 52 100 152

Using the permanent home addresses provided by the students upon entry into college in
1985, two waves of surveys were mailed to students attending institutions in the NSF sample in
January and March, 1990. In addition, postcards encouraging the students to respond to the survey
were mailed immediately prior to the distribution of each survey wave. Table 2.5 shows the
response rate, by institutional type, for students in the NS= sample. Despite the lack of updated
addresses and institutional cover letter, the response rates are quite similar to those found in the

Exxon sample, with the exception of students at historically black colleges (see Table 2.3).
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Tatle 2.5
Response Rate by Instituticnal Type, 1989 Follow-up of 1985 Freshmen,

Number of Original Number of  Percent

Institutional Type Insiitutions Sample Respondenits Returned
Public universities 9 7,343 2,164 29
Private universities 17 11,738 3,875 33
Public four-year colleges 15 9,503 2,853 30
Private nonsectarian colleges 18 7,371 2,387 32
Private denominational colleges 34 5,275 1,579 30
Historically black colleges 5 1,252 144 12

All instizutions 98 42,482 13,002 31

The Faculty Survey

The Exxon general education project and the NSF project also included a faculty survey
component (an overview of the faculty survey project is found in Astin, Korn, & Dey, 1991). For
the institutions in the Exxon sample, the chief executive officer (or other high-ranking
administrator) at each institution wrote a cover letter to the survey encouraging response, and the
institution provided HERI with a current, up—to-date list of faculty addresses (surveys for faculty at
NSF institutions were mailed directly by HERI using addresses provided by a commercial vendor of
faculty mailing lists). For the Exxon project, participating institutions mailed a HERI Faculty
Survey form to all faculty in late October, 1989. A second wave of Faculty Survey forms was sent
to non-respondents in mid-December. For faculty at NSF sample institutions, HERI obtained
addresses from a commercial vendor and mailed two waves of surveys directly to faculty in
January and March, 1990.

Of the 93,479 surveys mailed out, usable returns were eventually received from 51,574 after
two waves of mailing, a response rate of 55 percent. Table 2.6 shows this distribution of four—
year institutions participating in the faculty survey, while response rates by institutional type are

shown in Table 2.7. A comparison of the HERI data and data from a national faculty survey
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conducted in 1988 by the National Center for Education Statistics (NCES, 1990) suggests that the
HER! sample adequately represents the teaching faculty in terms of age, race, academic rank, and

highest degree held (see Appendix A in Astin, Korn, & Dey, 1991).

Table 2.6
Distribution of Participating Institutions Institutional Type, 1989 Faculty Survey

Number of Institutions

Population of CIRP CIRP Normative
Institutional Type Institutions Participants Population
Public universities 117 28 23
Private universities 69 13 11
Public four-year colleges 347 68 60
Private nonsectarian colleges 375 83 73
Private denominational colleges 507 120 117
Historically Black colleges 86 23 17
All institutions 1,501 335 301

Note: Adapted from Table 1, Astin, Korn, and Dey (1991). Four~year colleges and universities only.

ble 2.
;:sgiisz Rate by Institutional Type, 1989 Facﬂ Survey
Number of Original Number of Percent

Institutional Type Institutions Sample Respondents  Returned
Public universities 23 28,934 14,119 48
Private universities 11 7,501 3,722 49
Public four-year colleges 60 18,989 10,589 55
Private nonsectarian colleges 73 11,715 6,684 57
Private denominational colleges 117 11,815 8,004 67
Historically black colleges 17 2,840 1,153 40

All institutions 301 81,794 44,271 55
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Additional Data Sources

In addition to the new data collection efforts described above, data from existing sources
were also gathered in order to generate the richest possible dataset. Selected institutional
characteristics were gathered from files maintained by HERYI, including data originally provided by
the Integrated Postsecondary Education Data System (IPEDS), the National Science Foundation
data on support to higher education institutions (NSF, 1990), as well as data on collegiate costs and
expenses. Curricular information was collected as part of the Exxon—-sponsored project on general
education outcomes (Hurtado, Astin, & Dey, 1991, provides an overview of the collection and
analysis of these curricular data).

Additional student information was solicited from several other sources. Test scores were
provided directly by testing agencies. It should be noted that the algorithms used to match CIRP
data with varied from agency to agency (some simply used SSN matching, while others also did
matching on name and demographic characteristics).

Academic retention information (or “registrar’s data”) was solicited directly from institutions.
Rosters of names of students in the follow-up sample were sent to CIRP institutional
representatives requesting the following information on each student: degree earned (if any),

number of years completed, and whether the student was still enrolled.

Dataset Characteristics

After completing the data collection procedures, the information obtained from the various
sources described above was merged in order to facilitate subsequent analyses. Please note that
data from the faculty survey were used ir. iwo ways: (1) on the individual level, in order to study
the faculty per se, and (2) aggregated to the institutional level, in order to study the impact of
faculty on the undergraduate science pipeline.

Table 2.8 shows the characteristics of the merged dataset. The dataset described in Table 2.8
was itself used not for analytical purposes, but rather to generate a variety of analyrical subsets
with a common format. For the purposes described here, the most important of these subsets are

those which included the combined follow—up survey respondent samples (known as ‘FUSALL’),
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an institutionally—balanced file of follow—up survey respondents (known as ‘FUSMAX’), and a
subset of those cases where we had both SAT (and/or ACT) scores and graduate admission test

score such as the GRE or MCAT (contained within a dataset known as ‘TESTALL’).

Table 2.8
Characteristics of the Merged Student Dataset
b . . — . — - 3
Representation
Student Institutional
Data Group N Percent* N Percent*
Individual level data
1985 SIF data 260,670 100 481 100
SAT data 157,483 60 476 99
ACT data 35,437 14 192 40
Follow—up data 26,305 10 390 81
Registrar’s data 65,257 S 260 54
GRE data 13,967 5 438 91
LSAT data 10,201 4 423 88
MCAT data 3,574 1 342 71
NTE data 3,734 1 375 78
Institutional level data
Faculty data 148,909 57 217 45
Curricular data 200,861 77 322 67
College Board data 259,760 100 447 93
Institutional characteristics 260,670 100 481 100

*Using representation in the 1985 SIF data as the bascline.

The FUSALL and FUSMAX Datasets

The FUSALL dataset was originally intended to be the main analytical dataset for this study

(See Table 2.9). After carefully reviewing the results of preliminary analyses, we were concerned

that the uneven number of cases across institutions might inadvertently cause effects related to

specific institutions to masquerade as institutional type effects. As noted above, we surveyed the

entire freshman class (as represented in the CIRP data) at each of the institutions in the Exxon and
NSF samples. While the mean number of cases per institution was 67.8, one large public university
with a relatively high response rate contributed 1,070 cases to the sample (over 4 percent of the

total number of cases). To address this, we created a balanced analytical sample which placed a
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limit on the maximum number of cases a single institution could contribute. Using the FUSALL
dataset as a base, cases were randomly subsampled from institutions which contributed more than

1 percent of the total number of cases so that no institution contributed more than 1 percent.

Table 2.9
_Cﬁaracteristics of the ‘FUSALL’ Dataset
Representation
Student Institutional
Data Group N Percent* N Percent*
Individual level data
1985 SIF data 27,065 100 388 100
SAT data 18,260 69 373 96
ACT data 4,069 15 112 29
Follow-up data 7,065 100 388 100
Registrar’s data 20,485 78 255 66
GRE data 2,744 10 249 64
LSAT data 1,661 6 185 48
MCAT data 659 2 142 37
NTE data 1,265 5 250 64
Institutional level data
Faculty data 24,331 90 193 50
Curricular data 26,767 99 321 83
College Board data 26,295 100 386 100
Institutional characteristics 27,065 100 388 100

*Using representation in the 1985 SIF data as the baseline.

The resulting dataset (FUSMAX, see Table 2.10) was used for the majority of the analyses
that follow. The primary exceptions to this are in crosstabular analyses where institutional sample

size is not an issue, and where the analysis requires a maximum number of cases is order to study

a small population (e.g., African American students interested in the physical sciences). Table 2.11

provides a comparison of the FUSALL and FUSMAX datasets.
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Table 2.10
Characteristics of the ‘FUSMAX' Dataset
. Representation
Student 1uti
Data Group . N Percenr N Percent*
Individual level data
1985 SIF data 18,136 100 388 100
SAT data 13,265 73 373 96
ACT data 3,082 17 111 29
Follow—up data 18,136 100 388 100
Registrar’s data 14,074 78 255 66
GRE data 1,897 11 249 64
LSAT data 1,058 6 185 48
MCAT data 434 2 137 35
NTE data 1,082 6 244 63
Institutional level data
Faculty data 15,522 86 193 50
Curricular data 17,856 99 321 83
College Board data 18,126 100 386 100
Institutional characteristics 18,136 160 383 100
*Using representation in the 1985 SIF data as the baseline.
Table 2.11
Comparison of the FUSALL and FUSMAX Daztasets, by Institutional Type
e e
N of Mean Maxirmum
— Students Institutional N Institutional N
Institutional Type FUSALL FUSMAX FUSALL FUSMAX FUSALL FUSMAX
Public universities 7,467 3,097 191 82 1,070 181
Private universities 5,571 3,368 169 106 595 158
Public four-year colleges 3,864 2,928 74 57 347 166
Private nonsectarian colleges 5,540 4,387 50 41 327 156
Private denominational colleges 4,121 3,887 28 27 212 153
Historically black colleges 502 469 38 36 175 153
All institutions 27,065 18,1386 68 47 1,070 181
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The TESTALL Datasets

The TESTALL dataset was created by selecting all cases where we had obtained an SAT score

(or had converted an ACT score) and there existed a graduate admission test score. We purposely

.restricted this subset to only those cases where a pre—test was available (in the form of an SA™

score) since we were interested in environmental impact, not just performance. Of primary interest
in this study is GRE quantitative performance, although scores also exist on the MCAT and will be

analyzed as well (see Chapter 6).

A Final Note on Dataset Characteristics and Analytical Considerations

It should be remembered that the number of cases and relative representation of data groups
within any particular dataset only roughly represents the effective sample size of any particular
analysis. The analyses described in this report are typically limited o cases where data were
available from the follow-up survey, the faculty survey, and the analysis of college catalogs.
Given the extremely large number of variables in the analysis, missing values on individual-level
independent variables have been imputed to preserve the sample size. The standard imputation
method used was mean substitution, although in the case of missing SAT scores an institutional
mean (adjusted by race and sex) was imputed. Missing values on direct pre-tests and dependent
variables were not imputed, and these cases were deleted listwise 1com the relevant analyses.

Weighting procedures were employed for some analyses to compensate for survey response
bias. Non-response to follow—up questionnaires can present serious problems in terms of
questionnaire results, but earlier methodological studies (Astin & Panos, 1969) suggest that, while
marginal distributions on certain variables can be seriously biased, relationships among variables
are only slightly affected, if at all, by non—response bias. Since this study is focused primarily on
relationships among variables, we do not expect that the basic conclusions wouid be seriously
affected by non-response bias.

To understand the weighting procedures used, it is important to realize that ... have available
extensive data on all students (approximately 288,000), follow—up respondents and non-—

respondents alike, generated by the freshman survey completed in the fall of 1985. Beyond this,
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for each student followed up, we obtain information from the institution concerning how many
years of undergraduate work the student completed and whether or not the student was awarded a
degree. This “registrar’s data,” together with the freshman survey data, are utilized in a complex
weighting scheme designed to compensate for non-response bias. Basically, the freshman survey
data and the registrar’s data serve as independent variables in a large-scale regression analysis
where the dummy variable, responding versus non-responding, is used as the dependent variable.
The resulting regression equation, which normally involves 50-60 independent variables selected
in a stepwise fashion, includes all freshman or registrar’s variables which are significantly related
to whether or not the student responds to the follow—up questionnaire. Not surprisingly, whether
or not the student completed a degree usually has the largest weight in the regression equation,
followed by such things as the student’s grade point average in high school and certain
socioeconomic background variables. This regression composite can be interpreted roughly as an
estimate of the probability that the student will respond to the follow—up questionnaire. By taking
the inverse of the regression composite, we can generate a differential weight which can then be
applied to the questionnaire data of those students who return the follow—up questionnaire. In
effect, this procedure gives the greatest weight to those students who most resemble the non—
respondents and the least weight to those who most resemble the respondents. Methodological
studies conducted at the Higher Education Research Institute suggest that this procedure

compensates for many of the biases affecting the responses to student follow—ups.
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CHAPTER 3

Changes in Careers and Majors During the Undergraduate Years

It has long been known that undergraduates frequently change both their major fields of
study and their career choices during the college years (Astin, 1977; Astin & Panos, 1969;
Feldman & Newcomb, 1969; Pascarella & Terenzini, 1991). Although these changes are by no
means random—the “traffic” is heaviest between similar fields (Astin & Panos, 1969)—the
“balance of trade” during the undergraduate years results in net losses for some fields and net gains
for others. Science, mathematics, and engineering (SME) fields have traditionally been among the
largest “losers” during the undergraduate years. Indeed, one of the concerns of the current study is
to attempt to understand why SME fields experience losses during the undergraduate years and to
devise possible recommendations for reducing some of these losses.

In this chapter we examine in detail the “traffic” between various science and nonscience
fields, both for the total longitudinal sample as well as for men and women and members of

different ethnic/racial groups.

Definitions

One of the first tasks in this study was to define “science” and “nonscience” choices of major
field and career. The freshman and follow-up questionnaires (see Appendix A) include detailed
listings of 81 possible major fields of study and 44 possible choices of a career. In order to
measure change during the four years, both the freshman and follow-up questionnaires contain
exactly the same two lists. In the freshman questionnaire students are asked to give their
“probable” major or career/occupation; in the follow-up questionnaire the major question asks for
“your current/last field of study” in order to accommodate both those who have completed their

undergraduate work as well as those who are still enrolled.
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Choice of Major Fields
Since nearly half of the 81 major field options could conceivably be considered as an SME

field, some combining of different field choices was deemed necessary in order to generate
subsamples of reasonable size and to make the results of the study intelligible. After extensive
consultation between NSF and HERI staff, a decision was made to collapse the 81 majors into seven
mutually exclusive categories: Biological Science, Physical Science, Engineering, Psychology,
Social Science (other than Psychology), Nonscience, and Undecided. (The specific majors
included in each of these classifications are given in Appendix B.) For purposes of trend analyses
and multivariate analyses (see the ensuing chapters), these fields were combined in several
different ways to form eight partially overlapping “SME” fields:

Biological Science

Physical Science

Natural Science (Biological plus Physical Science)

Engineering

Science and Engineering I (Natural Science plus Engineering)

Science and Engineering II (Natural Science, Engineering, Psychology, and

other Social Science)
Psychology
Other Social Science
The reason for creating these-overlapping classifications is to accommodate various policy

concerns. Some policy issues, for example, relate to the broad category traditionally referred to by
the “SME” acronym. This classification is represented above by Science and Engineering I. Other
policy concerns might relate specifically to Engineering, to Natural Science, and so forth. From a
purely research perspective, of course, it is useful to know whether there are any significant
interactions related to particular scientific subfields. In the interests of parsimory, one would hope

that the results for the finer classifications would be sufficiently redundant to justify the use of the
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broader classifications. This issue, of course, is basicaily an empirical matter to be determined by
subsequent analyses.

One problem in trying to estimate “change” or “loss” of students from science during the
undergraduate years is what to do with dropouts. One option, of course, is simply to ignore the
problem and to report whétever choices students give at the time of the follow up. But is it
reasonable to conclude that a student who leaves college during the first semester and reports four
years later that his *“last” major was chemistry is indeed a “‘science major”? Since practically all
employers of “scientists” require at least a Bachelor’s degree, and since all graduate schools require
the Bachelor’s degree as a condition for admittance to graduate study in SME fields, such a student
would certainly not qualify for inclusion in the nation’s supply of “‘scientists and engineers.” In
other words, from the perspective of producing scientists and engineers, the chemistry major who
drops out during the first term is just as much a “loss” as is the chemistry major who switches to a
journalism major before graduating.

These considerations led to a decision to classify all dropouts as being in “nonscience” fields,
regardless of their last choice of a major. A “persister” was defined as any science major who, at
the time of the follow up in 1989-90, satisfied one or more of the following conditions: (1) had
obtained the Bachelor’s degree; (2) had completed four years of undergraduate work and still
aspired to a Bachelor’s (or higher) degree; or (3) was still enroiled full-time in pursuit of a
Bachelor’s (or higher) degree. All other students were considered as dropouts.

Table 3.1 shows the percentages of students who were classified into each of the eight
mutually exclusive categories of majors in 1985 and 1989-90, separately by sex. As in all
previous studies of changes in major, we find a net loss in Natural Science and Engineering fields.
That these losses are substantially smaller than what has been found in earlier studies (Astin, 1977;
Astin & Panos, 1969) is probably attributable to the fact that these are unweighted data and thereby
include a disproportionate number of high-ability students. As will be shown in subsequent
chapters, ability is one of the factors that is positively related to maintaining a science major and

career choice over time. The net losses from SME fields have also been diminished somewhat by
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Table 3.1
Four-Year Changes (1985-1989) in Choice of Undergraduate Major Field of Study By Sex

Percent Choosing Field Among

Men Women All Students

(IN=10,592) (N=15,396) (N=26,306)
Field of 1985- 1985- 1985-
~Study 1985 1989 1989 1985 1989 1989 1985 1989 1989

Biological

Science 12.1 6.7 5.4 11.9 60 -59 11.9 6.2 -5.7
Physical Science 8.4 7.1 -1.3 4.9 38 -1l 6.3 5.2 -1.1
Engincering 19.5 11.3 -8.2 42 2.2 -2.0 10.5 6.0 4.5
Psychology 1.9 2.7 +0.8 6.0 68 +0.8 4.3 5.1 +0.8
Social Science 6.8 11.8 +5.0 6.7 99 +3.2 6.7 10.7 +4.0
Nonscience 457 604 +14.7 574 713  +13.9 52.7 66.8 +14.1

Undecided 5.7 0.0 -5.7 8.9 0.1 -8.8 7.6 0.0 -7.6

the substantial decline in undecided students: many of these students end up choosing science
fields by the time of the follow up.

In contrast to Natural Science and Engineering fields, we find a slight gain in the number of
Psychology majors and substantial gain in the number of other Social Science majors.

The patterns of change by sex are remarkably similar, although the proportionate loss of
women from SME fields is somewhat greater. Thus, even though the absolute loss from
Engineering is much greater for men (-8.2 percent) than for women (-2.0 percent), the decline for
women represents a higher proportion of those originally choosing Engineering than does the
decline for men. What this means, in practical terms, is that the underrepresentation of women in
SME fields widens during the undergraduate years. A similar gender pattern occurs for
Psychology and other Social Sciences: men show proportionately larger increases in preference for
these fields than do the women.

The net change in the percentage of students who are classified into each of the partially
overlapping categories of science majors is shown in Table 3.2. If we look at the traditional broad

category of “SME” as represented by Science and Engineering I, we find a net loss of more than
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one-third of the students between 1985 and 1989 (from 28.7 percent to 17.4 percent). The net loss
of 11.3 percent is cut nearly in half, however, if we include Psychology and the Social Sciences as
part of SME (Science and Engineering II).

Table 3.2

Four-Year Changes (1985-1989) in Choice of Combined
Undergraduate Major Field of Study

Percent Choosing Field

Among All Students
(N=26,306)

Field of Change,
Study 1985 1989 1985-1989
Biological
Science 11.9 6.2 -5.7
Physical Science 6.3 5.2 -1.1
Natural Science@ 18.2 11.4 -€.8
Engineering 10.5 6.0 -4.5
Science and
Engineering Ib 28.7 17.4 -11.3
Science and
Engineering II€ 39.7 33.2 -6.5
Psychology 4.3 5.1 +0.8
Other (
Social Science 6.7 10.7 +4.0

4 Biological Science and Physical Science
b Biological Science, Physical Science. and Engineering
€ Biological Science, Physical Science, Engineering, Psychology, and Other Social Science

The next question concerns the “traffic” between various science and nonscience fields.
There are two ways to look at these trends: from the perspective of where students start, or from
the perspective of where they end up. Let us first consider these patterns of change from the
perspective of where students start (Table 3.3). Each row in the table represents students whose

freshman choice falls into one of the seven mutually exclusive major field categories. The
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percentages in the row indicate how the students’ ﬁﬁal choices are distributed across the same
seven categories. Thus, of the 3,138 students who chose a Biological Science major as entering
freshmen, slightly more than one thirc (36.3 percent) maintained that choice during the four years.
Better than two in five of thesé students (42.5 percent), however, switched to a nonscience field
during the undergraduate years. Only about one in 20 (5.4 percent) switched from Biological to
Physical Science, and only one in 100 (1.0 percent) switched into Engineering. As would be
expected, Physical Science students are five times more likely than Biological Science students are
to switch into Engineering (5.0 percent), but about equally likely to switch to a nonscience field
(46.2 percent). Engineering students are more likely to maintain their initial choice during the
undergraduate years (43.9 percent) than are either Biological and Physical Science majors. They
are also slightly less likely to switch into. a nonscience field (39.9 percent).

Table 3.3
Changes in Undergraduate Majors Viewed Prospectively: Where Sudents Ended Up

Percent Choosing Final (1989) Major In

Initia] (1985)

Choice of Biological Physical Social  Non-

Major N Science Science  Engineering  Psychology Science  science  Undecided
Biological

Science 3,138 36,3 54 1.0 6.5 8.3 42.5 0.1
Physical

Science 1,665 4.1 352 5.0 26 6.8 46.2 0.0
Engineering 2,771 1.9 7.6 439 1.3 5.2 399 0.1
Psychology 1,123 1.3 0.7 0.0 387 8.5 50.8 0.0
Social Science 1,762 0.6 0.6 0.4 3.0 493 46.2 0.1
Nonscience 13,855 1.9 2.1 1.5 3.1 7.4 84.0 0.0
Undecided 1,992 4.3 4.2 1.1 7.2 15.2 68.0 0.1

Of particular interest in Table 3.3 is the fact that Psychology and Social Science majors are
even less likely than nonscience majors to switch into Natural Science or Engineering majors. This
lack of “traffic” from Psychology and other Social Sciences, to Engineering and Natural Sciences,

raises serious questions about the advisability of combining Psychology and other Social Sciences
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with Natural Sciences and Engineering. (The regressioﬁ results reported in the next chapter
confirm this concern.)

The other way to view the “traffic” among fields is from the perspective of where students
with different final choices came from (Table 3.4). The fact that more than three-fourths (77.7
percent) of stude;ns who end up in Engineering also started out in Engineering means that
Engineering is relatively unlikely to attract recruits from other fields. What is perhaps most
remarkable is that Engineering attracts 13.3 percent of its majors from nonscience fields. Physical
Science and Biological Science attract even larger proportions of their majors from nonscience
fields (21.6 and 16.4 percent, respectively). Again, neither Biological Science, Physical Science,
nor Engineering attracts even as much as two percent of their majors from Psychology and other
Social Sciences. When it comes to traffic among SME fields, Physical Science appears to depend
Table 3.4

Changes in Undergraduate Majors Viewed Retrospectively:
Where Final (1989) Majors Came From

Percent Whose Freshman (1985) Major Was In

Final (1989)

Choice of Biological Physical Social  Non-

Major N Science Science  Engincering  Psychology Science science  Undecided
Biological

Science 1,638 68,5 4.2 3.2 09 0.6 16.4 5.2
Phystcal

Science 1,362 12.4 430 15.5 0.6 0.7 21.6 6.2
Enginecring 1,567 1.9 54 113 0.0 04 13.3 1.3
Psychology 1,338 15.2 32 2.7 3235 3.9 31.8 10.7
Social Science 2,803 9.3 4.0 5.2 34 310 36.4 10.8
Nonscience 17,585 7.6 44 6.3 3.2 4.6 06.2 1.7
Undecided 13 154 0.0 15.4 0.0 7.7 46.2 15.4

much more on dropouts from either Biological Science or Engineering than the other way around.
This heavy recruitment of dropouts from Biological Science and Engineering may help to explain

why the net loss of students from Physical Science is much smaller than the net loss from either




Biological Science or Engineering (Table 3.1). In other words, whereas more than one-fourth
(27.9 percent) of students who end up in Physical Science fields come initially from either
Biological Science or Engineering, only 7.4 percent of the Biological Science majors are dropouts
from Physical Science or Engineering and only 7.3 percent of the Engineering majors are dropouts
from the Natural Sciences. As far as Social Sciences and Psychology are concerned, Biological
Science supplies far more recruits (especially to Psychology) than do either the Physical Sciences
or Engineering.

Do student preferences for science fields and changes in these preferences vary by race or
ethnicity? Table 3.5 shows the results for the Science and Engineering I measure (Biological,
Physical Science, and Engineering). As would be expected, Asian students show by far the
strongest preference for SME majors: more than half (52.6 percent) choose SME majors at the time
of entry tc college. Somewhat surprisingly, white students show the lowest level of preference
(27.3 percent) as entering freshmen, whereas about one third of the American Indians, Chicanos,
and African Americans choose SML majors as entering freshmen,

Changes during the four years after college entry show that Chicanos suffer by far the largest
losses, both in absolute and relative terms: only about one third as many Chicanos end up pursuing
SME majors in comparison to those who started out with SME majors. Losses among African
Americans are greater than 50 percent (from about one third to one-sixth), while losses among
American Indians are almost as great. Since white students show much smaller absolute and
relative losses during the undergraduate years, the proportion of whites who end up with SME
majors is comparable to that of the underrepresented minority groups (American Indians, African
Americans, and Chicanos). Although the SME losses among Asian students are, in absolute terms,
substantial (nearly 17 percent), Asians actually experience the smallest refative loss of all racial
groups (-32 percent, compared to -39 percent for whites and about 50 percent for the other
gréups). Thus, four years after entering college Asians are twice as likely as members of any other

racial group to be pursuing SME majors.
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Table 3.5
Four-Year Changes (1 9%1 989) in Freference for Science Majors By Race

Percent Choosing
Science Majors? in

Change
Racial GroupP N 1985 ° 1989 1985-89
Asian 1,066 52.6 35.9 -16.7
American Indian 209 34.5 17.7 -16.8
Chicano 428 35.7 13.1 -22.6
African American 1,088 34.2 16.1 -18.1
White 22,896 27.3 16.6 -10.7
All Students 26,306 28.7 17.4 -11.3

4 Biological science, Physical Science, or Engineering.
b Puerto Ricans and “other” race are not shown because of small sample sizes.

Why members of all underrepresented minority groups (especially Chicanos) should expe-
rience such large losses of science majors during the undergraduate years is not clear. The regres-

sion analyses presented in the next chapter provide at least a partial explanation for these losses.

Career Choice
The students’ 1985 and 1989 career choices were combined into four mutually exclusive SME
categories as follows:
Engineer
Scientist/College Teacher
Social Scientist/College Teacher
Scientist-Practitioner
The Scientist/College Teacher category includes all students who either checked “scientific
researcher” on the list of career choices or who checked “college teacher” and indicated that their
current or most recent major field of study was in some field corresponding to Science and

Engineering I (see Table 3.2). The rationale for combining these two career choices is that many
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students who are planning careers as scientists also plan to work as college or university
professors. Given that the career choice question was in a forced-choice format (the students could
choose only one among the 44 options), some prospective scientists may well have checked
“college teacher” rather than “research scientist.” The Social Scientist/College Teacher category
included only those students who checked college teacher as their career choice and indicated some
field of psychology or social science as their current or most recent undergraduate major field.

The Scientist-Practitioner category includes all career choices other than research scientist or
college teacher which involve substantial training in the natural sciences at the post-graduate level:
physician, dentist, optometrist, pharmacist, clinical psychologist, and veterinarian.

Table 3.6 shows changes in students’ preferences for these four categories of career choices
plus “nonscientist” and “undecided.” Both Engineer and Scientist-Practitioner show substantial net
losses during the undergraduate years: fewer than half as many students aspire to these careers in
1989 as in 1985. The large loss of students from the Scientist-Practitioner category is primarily
attributable to the fact that many students abandon plans to pursue a medical career during the
undergraduate years. Both the Scientist/College Teacher and Social Scientist/College Teacher
categories show slight net gains, primarily because the career of college teacher increases in
popularity during the undergraduate years. Women show slightly larger absolute and relative
losses from the Scientist-Practitioner careers than men do; otherwise proportional changes in
interest in scientific careers are very similar for men and women.

Table 3.7 shows the “traffic” among th&&g various SME career choices viewed prospectively:
where students ended up as a function of where they started out. About one-third of students who
start college with plans to pursue careers either as Engineers, Scientist/College Teachers, or
Sc =ntist-Practitioners maintain these choices during the undergraduate years. (The number of
students who aspire to carcers as college social science teachers is much too small to make reliable
generalizations.) Regardless of vwhich SME career they choose as freshmen, the majority switch to

nonscience careers during the undergraduate years. Students who drop out are about
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three times more likely to switch to Scientist/College Teacher (4.1 percent) than to Scientist-

Practitioner (1.2 percent), whereas those who abandon plans to become

Table 3.6
Four-Year Changes (1985-1989) in Choice of Career By Sex

Percent Choosing Caree: Fizld Among

Men Women All Students
(N=10,592} (N=15,396) (N=26,306)
1985- 1985- 1985-
Carecr Choice 1985 1989 1989 1985 1989 1989 1985 1989 1989
Engincer 18.6 8.8 9.8 4.1 1.9 22 10.0 4.7 -53
Scientist/College
Teacher 4.1 4.8 +0.7 2.7 29 +0.2 3.3 3.7 +0.4
Social Scicnce
Teacher 0.0 0.8 +0.8 0.0 06 +0.6 0.0 0.7 +0.7
Scientist-Practitioner 11.3 5.9 5.4 12.2 5.8 -6.4 11.8 5.8 -0.6
Nonscientist 54.8 76.0 +21.2 65.4 83.8 +18.4 61.1 80.7 +19.6
Undecided 11.1 3.7 -1.4 15.6 5.0  -10.6 12.8 4.5 -0.3

Table 3.7
Changes in Career Choice Viewed Prospectively: Where Students Ended Up

Percent of Whosce Final (1989) Carcer Choice Was

Initial (1985) Social

Freshman Scientist/ Science Scicnlist-

Carcer Choice N Engineer  Teacher Teachur Practiioner  Nonscicntist  Undecided
Engineer 2,642 354 4.1 0.3 1.2 56.9 2.0
Scientist/

College Teacher 859 438 33.5 0.8 6.1 51.3 3.5
Social Science

College Teacher 9 0.0 0.0 111 0.0 66.7 22.2
Scientist-

Practitioner 3,089 1.2 6.1 0.8 329 55.6 34
Nonscicntist 16,077 1.1 1.5 0.6 1.6 91.5 3.5
Undecided 3,621 1.3 3.8 (.9 4.2 78.2 117




Scientist/College Teacher are slightly more likely to switch to Scientist-Practitioner (6.1 percent)
than to Engineer (4.8 percent). Those who abandon plans to become Scientist-Practitioners are
five times more likely to switch to Scientist/College Teacher (6.1 percent) than to Engineer (1.2
percent).

Table 3.8 views these same changes retrospectively, that is in terms of where those who
ended up in each of the SME careers started out. As is the case with engineering majors (Table
3.4), three-fourths of those who end up pursuing engineering careers started out with the same
career choice. About two-thirds of those who enr} up pursuing careers as Scientist-Practitioners
(67.0 percent) started col'=ge with similar plans. These figures are in dramatic contrast to those for
students who ended up pursuing careers as Scientist/College Teachers: less than one-third (29.8
percent) planned to become Scientist/College Teachers when they started college. During college
this career choice recruits substantial numbers of dropouts from most other fields: Scientist-

Practitioner (19.5 percent), Engineer (11.2 percent), undecided (14.0 percent), and nonscientist

Table 3.8
Changes in Career Choice Viewed Retrospectively: Where 1989 Expected Careers Came From

Percent of Whose Initial (1985) Career Choice Was

Saocial
iinal (1989) Scientist/ Science Scientist-

_Carcer Choice N Engincer  Tcacher Teacher Praclitioner  Nonscientist  Undecided
Engineer 1,243 153 33 0.0 3.0 14.7 3.7
Scientist/

Coliege Teacher 968 11.2 29.8 0.0 19.5 25.5 14.0
Social Scicnce

College Teacher 178 4.5 3.9 0.6 14.0 58.4 18.5
Scientist-

Practitioner 1,523 2.2 34 0.0 67.0 17.4 10.0
Nonscicntist 21,216 7.1 2.1 0.0 8.1 69.3 13.3
Undecided 1,178 4.5 2.5 0.2 8.9 48.0 35.9




(25.5 percent). The Social Scientist/College Teacher category recruits virtually all of its people
from these other fields, simply because very few students start college planning to become college
social science teachers.
For purposes of multivariate analyses (see the next chapter), the four SME career choices
were combined into seven partially overlapping career choice categories:
Engineer
Scientist I (Research Scientist, Statistician, Conservationist/Forester, plus College
Teachers with majors in the natural sciences or engineering)
Scientist Il (same as Scientist I plus College Teachers with majors in the social
sciences)
Scientist or Engineer I (Engineer plus Scientist I)
Scientist or Engineer II (Engineer plus Scientist I[}
Scientist or Engineer IIf (Scientist or Engineer II plus Scientist-Practitioner)
Scientist-Practitioner (Physician, Dentist, Veterinarian, Pharmacist, Optometrist,
Clirical Psychologist)

Changes in preferences for each of these seven overlapping categories during the
undergraduate years are shown in Table 3.9. Perhaps the most important category is Scientist or
Engineer 1, since it conforms most closely to what policymakers normally think of as “SME
careers.” The net loss of students from this category during the undergraduate years is more than
one-third.

How do changes in science career choices vary by race/ethnicity? Table 3.10 shows changes
by ethnicity in the Scientist or Engineer III career choice category. Chicanos show by far the
largest absolute and relative net losses from science during the undergraduate years: only one-third
as many Chicanos end up pursuing science-related careers as initially aspire to such careers four
years earlier at the time of college entry. These large losses are fueled not only by the substantial

defection of Chicanos from Engineering, but also by the large Chicano dropout rat:
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Table 3.9
Four-Year Changes (1985-1989) in Combined Career Choice

Percent Choosing Career

Among All Students
(N=23,651)

Change
Career Choice 1985 1989 1985-1989
Engineer 10.0 4.7 -5.3
Scientist 12 3.3 3.7 +0.4
Scientist IIb 3.3 4.4 +1.1
Scientist or Engineer 13.3 8.4 -4.9
Ic
Scientist or 13.3 9.1 -4.2
Engineer I1d
Scientist or 25.1 14.9 -10.2
Engineer III€
Scientist-
Practitioner! 11.8 5.8 -6.0

aResearch scientist, statistician, conservationist/forester, college teachers
with majors in the hard sciences

bResearch scientist, statistician, conservationist/forester, college teachers
with majors in the hard sciences and those with majors in the social sciences
CEngineers plus a above
dEnginecrs plus b above _
€Scientist-Practitioner plus d above
fPhysici.an, dentist, veterinarian, pharmacist, optometrist, clinical psychologist
from medical careers. Higher proportions of Chicanos than of ary other ethnic group initially
aspire to careers in medicine, but about two-thirds of these studen:is switch to some other career
choice during the undergraduate years.
Asians also show a relatively high net loss of students from science careers in absolute terms
(-16.3 percent), but in relative terms Asians experience the smallest net loss (-34.8 percent). Thus,

four years after entering college the proportion of Asians pursuing science-related careers is twice

as high as the proportion pursuing such careers among other racial/ethnic groups. Whites
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Table 3.10
Four-Year Changes (1985-1989) in Expected Careers in Science
By Race

Percent Choosing

Science Careers in

Change

Racial Group4 N 1985 1989 1985-89
Asian 1,066 46.8 30.5 -16.3
American Indian 209 28.2 14.9 -13.3
Chicano 428 44.1 14.3 -29.8
African American 1,088 29.9 17.1 -12.8
White 22,896 23.4 14.0 -9.4
All Students 26,306 25.1 14.9 -10.2

4Pyerto Ricans and “other” races are not shown because of small sample sizes.

show the next-lowest relative loss during the undergraduate years (-40.7 percent), followed by
African Americans (-42.8 percent), American Indians (-47.2 percent), and Chicanos (-67.5
percent). As was the case with major fields of study, once again we find a higher net loss of
students from science careers among underrepresented ethnic minority groups than among whites
and Asians.
Summary

Like all previous studies of undergraduate science education, this analysis reveals a
substantial net loss of students from science and engineering (SME) majors and science-related
careers during the undergraduate years. The number of biological science majors declines by nearly
one-half and the number of engineering majors declines by more than 40 percent during the college
years. The net decline in physical science majors is much smaller—less than 20 percent—
primarily because the physical sciences recruit many dropouts from engineering and biological
science. Inclusion of psycl.ology and social science among “science” majors reduces these SME

losses by about one-half, since these fields enjoy net gains in students during the college years.




The “traffic” between psychology/social science and natural science/engineering, however, is
minimal.

Losses of students pursuing science-related careers is even greater during the undergraduate
years. The numbers of students in the two largest career choi"(r:ué groups, engineer and scientist-
practitioner (physicians, dentist, veterinarians, etc.), decline by more than half. Although
relatively few students say they plan to become either research scientists or college science
teachers, the popularity of this combined career category increases slightly during college (from
3.3 10 3.7 percent of the students). The proportic:: ite losses of men and women from science-
related careers are very similar.

Asian American students show a stronger preference for science-related careers than does any
other racial/ethnic group, and also experience the smallest proportionate declines in preference for
such careers during the undergraduate years. Four years after entering college, Asian American
students are twice as likely to be majoring in SME fields or to be pursuing science-related careers as
are members of other racial/ethnic groups. Although African American, Chicano, and American
Indian freshmen in this sample show more interest in science careers than White freshmen do, they

experience greater losses from science careers during the college years.
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CHAPTER 4

Factors Affecting Choice of Science Careers and Majors
In this chapter we examine the characteristics of entering college freshmen and their
environmental experiences in college that affect their chances of choosing a major or career in a
scientific field. The analyses will focus on 15 dichotomous and partially overlapping outcome
measures: the eight categories of science majors (Chapter 3; Table 3.2) and the seven categories of

science career choices (Chapter 3; Table 3.9).

Method

The analyses of the effects of entering student and college environmental variables on science
career and major outcomes was based on the input-environment-outcome (I-E-O) model that has
been used in many earlier studies of student development (see Chapter 1 and Astin, 1977, 1993).
In the context of this chapter “outcome” refers to the dichotomous measures of career or major
field choice (each of the fifteen measures requiring a separate 1-E-O analysis), “input’ refers to the
characteristics of the student at the time of initial entry to the institution in fall 1985, and
“environment” refers to the characteristics of the institution attended, the faculty at that institution,
and the specific educational programs and experiences of the individual student within the
institution. The 1-E-O model is designed to deal with the principal methodological problem that
plagues virtually all research in the social and behavioral sciences: the partial confounding of inputs
and environments. Most “naturalistic” studies of the sort reported here are not able to assign
subjects (students) at random to treatments (environmental experiences). Rather, students select
their institutions and programs and, to a certain extent, institutions ard programs select their
students. These correlations (“multicollinearity”) between inputs and environments virtually
guarantee that student outcomes will differ from one environment to the other, even if the
differential gffects of those environments is nil. To take a simple example: the probability that a

graduating senior will be pursuing an SME career in 1989 is substantially greater if that student




initially enrolls at Cal Tech or M.L.T. than at Harvard or Stanford. Such an expectation would
apply even if there were no differential “effects” of these two sets of institutions on students’ career
choices, simply because institutions like M.I.T. and Cal Tech are much more likely to attract
students with scientific interests than are institutions like Harvard and Stanford. Thus, unless we
take into account the differential propensity of entering college freshmen to pursue particular types
of careers, it is very difficult to estimate the true effects of different types of institutions and
programs on students’ career plans. In other words, since “outcomes” are always influenced to
some extent by “inputs,” and since inputs are frequently correlated with environmental
characteristics, it is important to contro} for the effects of inputs before attempting to assess the
effects of environmental characteristics. The focus of the I-E-O model is thus on the possible
effects of environments on outcomes. The environment in this particular study is of particular
importance because it includes those aspects of the student’s institutional climate and program that
can be directly controlled through changes in educational policy and practice. The ultimate purpose
of applying the I-E-O model is thus to learn better how to structure educational environments so as
to maximize desired student outcomes.

The proper application of the I-E-O model requires longitudinal data, where the three
components of the model are separated in time: student inputs are assessed prior to exposure to the
environment, and the characteristics of the environment are assessed prior to the assessment of
outcomes. As the I-E-O model has been applied in an increasingly diverse variety of research
problems, a fourth informational component called “intermediate outcomes” has been added.
Intermediate outcomes fall in temporal sequence between environments and the outcome measure
of primary interest. An example of an intermediate outcome that might affect the student’s ultimate
choice of a science career would be working on a professor’s research project.” Experiences such
as this do not qualify as *“environmental” variables such as institutional size or selectivity, since
they cannot be known or measured at the time of the student’s initial entry to the institution. On the
other hand, most intermediate outcomes are believed to occur at some point prior to the assessment

of the student’s outcome performance (in this case, their career or major field choice as expressed

4-2

N




in the 1989-90 follow-up survey). However, since there is usually a substantial time lag between
the assessment of student input characteristics and the occurrence of intermediate outcomes, causal
inferences regarding the effects of intermediate outcomes on the outcome measure of interest must
usually be made with a considerable degree of caution.

The 1-E-O model organizes the various types of variables into separate “blocks” according to
their sequence of occurrence. The model then uses stepwise multiple linear regression analysis to
control for the effects of successive blocks of independent variables.! Thus, the possible effects of
environmental variables are assessed only after the effects of input characteristics are taken into
account. Variables within a given block are entered in stepwise fashion until no additional variable
is capable of producing a statistically significant reduction in the residual sum of squares. After all
of the predictive power of the variables within a given block is exhausted, the analysis moves to
the next block to determine if additional variance in the outcome measure can be accounted for on
the basis of information contained in variables in that block. For additional details concerning the
I-E-O model and related matters (measurement error, the use of dummy variables in the regression,

and so on) see Astin (1991).

Independent Variables
The independent variables used in each of the 15 regression analyses were organized into
three separate blocks according to their temporal sequencing: student input characteristics,
environmental characteristics, and intermediate outcomes. Each of these sets of variables is

discussed below.

1Given the dichotomous nature of our outcome measures (majors and careers), one might prefer
to use logit or probit analysis instead of ordinary least squares regression. Recent methodological
studies conducted by HERI staff, however, show that these alternative methods produce results
that are virtually identical to the results generated from linear regression (Dey & Astin, in press).
Since regression is a more familiar statistical procedure and since our regression software is much
more versatile, we decided to use regression.
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Student Input Characteristics

There were two major sources of input data: an extensive questionnaire administered to
individual freshmen at the time they matriculated in the fall of 1985 and admissions test scores
obtained from the Educational Testing Service (SAT) or American College Testing Program (ACT).
Using a sample of 15,000 students for whom both tests were available (Astin, 1991), the
equipercentile method was used to convert the ACT scores into equivalent SAT scores. This
process basically uses a one-to-one conversion of the ACT Math into ihe SAT Math score, and
generates an estimate of the SAT Verbal score through a composite of the three other ACT subtests.

A number of items selected from the 1985 freshman survey were included in the block of
input variables. The basic idea here is to include as many input variables as possible that might
affect the student’s ultimate choice of a major field of study or career. Note that if any such
variable is also related to the student’s choice of an institution or program within that institution, it
represents a potential source of bias in trying to estimate the effects of different environmental
experiences on the student’s choices. The most obvious sources of bias, of course, are the

student’s initial (1985) choice of a career and a major field of study. However, to control as much

input bias as possible, we added another 140 input variable covering such diverse factors as the
student’s socioeconomic background, race/ethnicity aspirations, interests, high school activities
and achievements, and values and attitudes. While this is a very large set of input or control
variables, the consequent loss of degrees of freedom is a minor problem, given the very large

sample size (see below).

Environmental Variables

Environmental measures included both institutional-level and student-level measures.
Institutional-level measures included measures of the student’s peer group (35 measures), faculty
(34 measures), curriculum and general education program (15 measures), and institutional

structural characteristics (16 measures). Individual level measures included the student’s place of
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residence, work, and financial aid as determined at the point of entry to college (19 measures). For
a complete description of each of these measures see Astin (1991).

The 34 measures of the institution’s faculty were scored in two different ways: for all faculty
at the institution and again for SME faculty only. The latter option resulted in some loss of students
and institutions, since there were not sufficient SME faculty at some of the smaller colleges to
provide reliable estimates of faculty characteristics on an institutional level, given the large number
of independent va:iables, a very high confidence level for entry of variables into the regression

(p<.0001) was used to minimize Type I errors.

Intermediate Qutcomes

Intermediate outcomes included 57 measures of the student’s involvement with various
aspects of the undergraduate experience. These measures are primarily indicative of the quantity
and quality of student involvement with academic work (22 measures), faculty (6 measures), the

student peer group (14 measures), and other college experiences (15 measures).

Results

Before discussing the specific results for each of the 15 cutcome measures, it is important to
realize just what is being assessed by each of these measures. Each measure is a dummy variable,
meaning simply that the outcome measures can assume only one of two values for any given
student: either the student opts for the SME career (or SME major) or the student does not. The
basic idea of the I-E-O analysis is to see if it is possible to explain why some students do and others
do not opt for SME choices on the 1989-90 follow-up survey. There are basically iwo ways in
which students can end up pursuing an SME career or major: to choose such a major or career as
an entering freshman in 1985 and to maintain that choice throughout the undergraduate years (the
“persisters”), or to start college with some other choice and to abandon that choice in favor of an
SME choice by the time of the 1989-90 follow-up (the “recruits”). By combining both of these

populations into a single analysis we are, in effect, assuming that 212 input and environmental
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factors that affect persisters and recruits are similar. (Analyses of poésible differences between
persisters and recruits will be deferred until the next chapter.)

Majors
Biological Science

As would be expected, by far the most powerful predictor of choosing a final major in
biological science is the freshman choice of a biological major (R=.46). Thirteen other input
characteristics add significantly to the prediction of a final major in biological science, over and
above the effects of the freshman choice of biological science. The weights assigned to these input
characteristics are quite small, as suggested by the fact that their addition to the regression raises
the muitiple R to only .48. Students’ chances of ending up with a biological science major are
increased if they have good grades in high school, took many biological science courses in high
school, have high scores on the SAT Math test, are strongly oriented toward sciences, and aspire to
one of the following careers: Research Scientist, Scientist-Practitioner, or Farmer/Forester.
Students’ chances of ending up with a biological science major are reduced if they major initially in
psychology or aspire either to write original works or to have administrative responsibility for the
work of others.

Only two environmental variables add significantly to the prediction after input variables are
controlled, raising the multiple R only to .49. One of these is having financial aid based on
academic merit. This finding raises the interesting possibility that more students could be induced
to major in science if funds could be made available based upon their academic merit. The other
environmental characteristic was a peer group measure: the percent of peers majoring in biological
science. In effect, this finding indicates that, the more peers there are who are majoring in
biological science, the greater the chance that any individual student will end up pursuing a major
in biological science. Clearly, this peer group effect could work in several different ways. Having
a lot of peers around who are majoring in bioloical science may provide a kind of deterrent for
students who are contemplating leaving biology for some other field. At the same time, having a

lot of peers majoring in biological science could provide a kind of magnet attracting students out of
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other majors. In this connection, it is interesting to note that the freshman career choice of
Scientist-Practitioner produced one of the largest simple correlations (r=.31) with a final choice of
a biological science major. Since the Scientist-Practitioner category comprises primarily
premedical students, a campus with a high proportion of biological science majors would also tend
to have a large proportion of students aspiring to careers in medicine. These common curricular
experiences, coupled with the students’ shared career interests, may tend to create a strong peer
group which helps to sustain students’ aspirations for a medical career.

A total of 12 intermediate outcome measures add significantly to the regression equation,
raising the multiple R to .55. Two of these measures —the number of science courses taken (large
positive weight) and the number of history courses taken (smaller negative weight)— may well be
artifacts. That is, students would be more likely to end up taking many science courses and few
history courses because they remain in a biological science major or switch to biology from some
other major. In other words, these correlates may well be consequences, rather than causes of,
students’ decision to pursue a biological science major. A similar interpretation could be advanced
to explain the presence of several other intermediate outcome variables in the regression equation:
hours spent attending classes or labs (positive weight) and having class papers critiqued by
instructors and taking writing skills courses (negative weights). Nevertheless, there are several
other intermediate outcome variables which provide poténtially important clues about how choice
of a biological science major might be influenced. For example, working on a professor’s research
project, assisting faculty in teaching a course, and enrolling in an honor’s program all have positive
weights in the regression. The possibility that one or more of these experiences might well
enhance the student’s interest in majoring in biological science is intriguing, in part because these
are all variables that can be directly manipulated by faculty. One completely unexpected finding
was the positive weight for “took an essay exam.” Clearly this is not an artifact, since one would
normally expect biological science majors to take fewer essay exams than majors in nonscience
fields. The possibility that taking such an exam might generate more feedback from faculty does

not appear to be an appropriate explanation, since having class papers critiqued by instructors
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actually had a negative weight in the regression equation. Clearly, the positive weight for taking
essay exams provides interesting material for futurz research.

Since the percentage of students majoring in science turned out to have s.gnificant effects on
choosing both science majors and science careers (see below), we became interested in the
possibility that these effects might indeed be nonlinear. That is, we speculated about the possibility
that the percent of students majoring in various fields might not begin to affect the individual
student’s decision making until these fields reached a kind of “critical mass.” To explore these
possibilities, we added an additional block of variables at the very end of each regression on a
purely exploratory basis. These additional variables were formed by dividing the percentages of
students majoring in various science fields into categories (0%, 1-5%, 6-10%, and so forth). The
categories were determined by first inspecting the distribution of each variable. Each category was
igbsequently “scored” as a separate dummy variable. Each dummy variable, in other words,
represents a particular range of percentages of students majoring in various undergraduate fields.
Somewhat surprisingly, in the biological science major regression, two of these dummy
variables—Dboth measures of the percent of students majoring in physical sciences—were found to
have negative weights: 5-8 percent of undergraduates majoring in physical science and 9-16
percent of undergraduate majoring in physical science. The presence of these two variables in the

regression equation (following the control of all other input, environmental, and intermediate

outcome variables) suggests a nonlinear effect on choosing biology of the percent of peers
majoring .a physical science. Basically what this suggests is that, if there are substantial numbers
of peers majoring in physical science, the individual student’s chances of ending up with a
biological science major are reduced. What may well be happening here is a kind of competition
between science fields, where those campuses with very large (and probably strong) physical
science programs lure certain students away from biological science into physical science. As we

shall see, similar “competitions” involving other SME fields are suggested in later regressions.

4-8

C‘ b u

e
c




P

Physical Science

The simple correlation between the 1985 and 1989 choices of a physical science major is only
.37. Thirteen other student input characteristics add significantly to the regression, raising the
multiple R to .42. Input factors that increase students’ chances of pursuing a physical science
major include a high score on the SAT Math, being strongly oriented toward science, having a high
self-rating on mathematical ability, wanting to make a theoretical contribution to science, having
high intellectual self-esteem, aspiring to a scientific research career, being African American, and
—somewhat surprisingly— pursuing a career in secondary education. This last variable raises the
interesting possibility that an initial choice of a physical science major will be reinforced if the
student intends to become a high school science teacher. This finding raises an interesting
question: Could it be that science majors will be more inclined 10 remain in science if ﬁhey can
associate their study of science with a specific career objective? Such a possibility is certainly
consistent with the finding noted in the preceding regression that aspiring to a Scientist-Practitioner
career adds to the student’s chances of ending up in a biological science rnajor.

Entering student characteristics that reduce the student’s chances of ending up with a physical
science major include a high score on status striving, an interest in writing original works, and a
high seif-rating on popularity.

Five environmental factors add significantly to the regression equation after the effects of
input characteristics are controlled. Most notable among these is the percent of peers majoring in
physical sciences, which produces the single strongest environmental effect on choosing a physical
science major. Having a grant from the college also adds to the student’s chances of ending up
with a physical science major. Another positive environmental factor of considerabie potential
significance is the “Student Orientation” of the faculty: the more student oriented the faculty, the
more likely the student is to end up with a physical science major. Pursuing a physical science
major is also positively affected by the percent of faculty who are in some field of science, whereas

the peer environment factor, outside work, has a negative effect.
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A number of intermediate outcome variables also add significantly to the regression, although
four of these—the number of math courses and science courses taken (positive effects) and the
number of writing skills courses and history courses taken (negative effects)—are in all likelihood
artifacis. Nevertheless, several of the same intermediate outcome measures that are positively
related to choice of a biblogical science major also enter the regression for physical science major:
assisted faculty in teaching a course, working on a professor's research project, and participating
in an honor’s program. Positive effects are also associated with wtoring other students. This last
variables raises the interesting possibility that a student’s interest in science can be reinforced if that
student is also afforded an opportunity to teach it to other students. (This same interpretation
would be consistent with the positive effect, noted above, of assisting faculty in teaching a course.)
Two intermediate outcome measures have negative effects on choosing a major in physical science:
participating in group projects for a class and taking multiple choice tests. The meaning of these

findings is not clear,

Natural Science

This outcome measure was created simply by determining whether the student ended up with
a final major field in gither biological of physical science. As would be expected, the independent
variables that enter the regression equation represent an amalgamation of the variables that predict
the preceding two outcome measures. However, the fact that the combined freshman pretest
measure (Natural Science) produces a lower simple correlation with its posttest (r=.44) than does
the biological science freshman choice with its posttest (r=.46) suggests that the fit of this
particular dependent variable on the independent variables may not be as precise. On the other
hand, the fact that the final multiple correlation (R=.60) is larger than the final multiple correlations
for either the biological or physical science outcomes (.56 and .49, respectively) suggests that the
fit of this outcome measure on the other independent variables may actually be somewhat better.
The principal differences in the variables entering the regression for the combined natural science

major is in the environment. Two peer group measures carried significant weights: The Scientific
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Orientation of the peer group and the percent majoring in biological science. While tae Student
Orientation of the faculty did not enter the regression, two apparent proxy variables did enter with
positive weights: the hours per week spent by faculty in the teaching and advising, and the
percentage of education and general revenue spent on student services. The final envircnmental
variable is having financial aid based on academic merit (positive effect). Once again, these
findings underscore the importance of the peer group, of having a Student-Oriented {aculty, and

having financial aid based on merit.

Engineering )

Engineering produces the largest pretest-posttest correlation of all majors over the four-year
interval (r=.54). Twelve additional input variables raise the multiple correlation to .£7. The two
other input variables that carry the largest positive weights are aspiring to a career as an engineer
and the SAT math score. Other predictors that increase students’ chances of having a final major in
Engineering include having a father who is an engineer, a high self-rating on mathematical ability,
having a strong scientific orientation, high school grades, being Asian-American, aad having a
high score on status striving. Two input variables carry significant negative weights: Having a
low level of academic and career commitment and majoring in biological science. Apparently,
freshmen planning to major in biological science are less likely than other non-enginecring majors
to switch into engineering during the undergraduate years. The reasons for thi:: somewhat
unexpected finding are not clear.

The student’s decision to major in engineering is influenced by both peers and faculty. As is
the case with biological science majors, students are more likely to end up majoring in engineering
if a high percentage of their peers are majoring in engineering. The percent majoring in
mathematics or statistics also carries a positive weight. An interesting phenomenon occurs with
another peer measure, the percent of students majoring in science-related fields (natural science
plus engineering). While this peer measure has a-substantial positive simple correlation with

choosing a final major in engineering (r=.32), this correlation disappears when input variables are
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controlled and becomes significantly negative when the percentages of students majoﬁng in
engineering and in mathematics are controlled. Since ail that remains of “science-related” fields
after engineering and math are removed is natural science, these results suggest that the student’s
chances of ending up with a major in engineering are reduced when there is a large number of
peers who are majoring in the natural sciences. This finding, which is similar to the result obtained
with choosing a career in engineering (see below), indicates that having a substantial natural
science program on the campus attracts some students away from engineering. In other words,
there appears to be a competition between engineering and the natural sciences when it comes to
students’ choices of majors.

The percent of peers majoring in engineering proves to have a non-linear effect on choosing a
major in engineering, given that one of the dummy variables (having more than 28 percent of the
student body majoring in engineering) adds significantly to the regression equation after all other
variables have been controlled. Two things could be happening here. First, the peer pressure to
remain in engineering (or to swiith into engineering from some other ficld) might be especially
intense in those institutions where a very large percent of the student body majors in engineering.
It may well be that the engineering students are more segregated from other students in such
institutions, perhaps holding most of their classes in separate buildings and possibly even having
separate residential facilities. Second, as the percent of students majoring in engineering increases
beyond a certain point, there may simply be many fewer major field options available for those
engineering students who might be considering switching to some other field.

Two measures of the faculty environment—the percent in science fields and the perceived
institutional emphasis on resource acquisition and the enhancement of reputation—nhave significant
positive effects on choosing a major in engineering. The second of these variables is of particular
interest, given that the input variable mentioned earlier, status striving, also has a positive effect.
Apparently, an environment where both the students and the faculty are concerned with status is
conducive to the development of an interest in majoring in engineering. Two faculty measures

have negative effects: the degree of perceived stress among faculty colleagues and the number of
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hours per week spent teaching and advising students. The latter of these two measures is of
special significance, given that this same measure has a positive effect on the student’s interest in
majoring in some field of physical science. Why should the faculty’s involvement in teaching and
advising students encourage students to major in physical science but discourage them from
majoring in engineering? One possibility is that this measure reflects substantial differences
between the natural sciences and engineering faculty in the approaches they take to teaching and
mentoring students.

Although the size of the institution has a positive simple correlation with choosing a career in

-engineering (in effect, this means simply that large institutions tend to enroll a higher percentage of

engineering majors than small institutions do), institutional size proves to have a negative gffect on
choosing an engineering major once other input and environmental variables are controiled. One
possible interpretation of this finding is that there are many more options for engineering majors to
switch into at a large rather than at a small institution.

Most of the involvement measures that add significantly to the prediction of a firal major in
engineering appear to be artifacts. Thus, students whose final major is engineering are more likely
to take a lot of science and math courses, to put in many hours studying and doing homework, and
to work on group projects for classes. They are less likely to take essay exams and to take courses
in history, writing, or foreign language. One other involvement measure of potential significance,
shows a negative effect: hours per week spent working for pay. While it could be argued that
engineering students simply have less time to spare for cutside work, it might also be the case that
the time pressures involved in having an outside job may force some students to abandon the very
demanding regimen of an engineering major for a less time consuming major. This is clearly a
finding with possible policy significance that merits further investigation.

The special problems associated with many engineerings programs are highlighted in a recent
comprehensive analysis of this same data base (Astin, 1993). Majoring in engineering has
negative effects on students’ satisfaction with faculty, quality of instruction, student life, and the

overall college environment. It also has negative effects on a variety of academic outcomes:
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undergraduate GPA, completion of the bachelor’s degree, graduating with honors, aspirations for
graduate study, enrollment in graduate school, and self-reported growth in foreign language
skills, writing skills, listening skills, and cultural awareness. While majoring in engineering has
positive effects on the GRE quantitative test and on self-reported growth in analytical and problem-
solving skilis and in job-related skills, it has negative effects on the NTE General Knowledge Test.
Majoring in engineering also has negative effects on a number of affective outcomes, including
student commitment to promoting racial understanding.

In short, while majoring in engineering enhance a student’s quantitative and analytical
skills, it produces a number of negative effects on other kinds of cognitive outcomes and on
satisfaction with most aspects of the college experience. Clearly, it would appear that some of the
problems that engineering programs have in retaining students may be associated with these
negative outcomes. Although we cannot be sure what the key factors are that discourage students
from persisting in engineering, their dissatisfaction with faculty and with their quality of

instruction no doubt play some part.

Science Major 1 (Natural Science plus Engineering)

This conglomerate of major field choices corres;on.'s most closely to what has come to be
known as “SME.” Of all the outcomes, it produces the largest final multiple correlation (R=.67).2
Significant input predictors represent a combination of the input predictors summarized for the
previous two outcome measures. Positive environinental factors include two peer measures:
Scientific Orientation of the peer group and the percent of peers majoring in science-related fields.
Positive faculty variables include the percent of feculty in science-related fields and the Student
Orientation of the faculty. Having merit based aid is also a positive factor, while attending a public

university proves to have a negative impact on this outcome.

2This may well result from the larger “base rate” in this particular durnmy variable (i.e., the split is
closer to .50), which makes it easier to predict from more continuous variables.
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Given that some of the more interesting findings from the separate engineering and science
regressions have been obscured in this combined regression, it would appear that a lot of

potentiaily important information is lost when engineering is combined with the sciences.

Science Major 2 (Science Major 1 plus Psychology and Social Science)

This largest “SME” category produces a substantially poorer fit (R=.55) then does the
previous outcome measure (R==.67). This fact, together with the finding that the previous outcome
measure confounds certain potentially important environmental effects that are revealed in the
separate natural science and engineering regressions, led to a decision not to report the detailed
findings for this combined category. Rather, to conserve space we shall limit further discussion to

the results for separate analyses of psychology and social science (below).

Psychology

This outcome measure produces the poorest fit of all, with a simple pretest-posttest
correlation of only .33 and a final multiple R of .40. Input variables adding significantly to the
prediction of a final major field choice in psychology (following control of the freshman choice of
psychology) include being female, planning on post-graduate education at the time of freshman
entry, aspiring to a career as a scientist/practitioner, being undecided about the freshman major,
and expecting to change the freshman major. These latter two predictors suggest that psychology
recruits a large number of its majors from freshmen who are either undecided or uncertain about
their major field choice when they enter college. Two faculty measures appear to encourage the
choice of the psychology major: The Humanities Orientation of the faculty and Faculty’s Time
Stress. Interestingly enough, the use of multiple choice tests by faculty appears to have a negative
impact on choosing a career in psychology. Given the heavy reliance of many psychologists on
this testing methodology, it is both interesting and ironic that the frequent use of multiple choice
tests seems iy discourage students from pursuing careers in psychology.

As is the case with natural science and engireering majors, many of the student involvement

or intermediate outcome measures that add to the prediction of a final major in psychology appear
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to be artifacts. For example, positive weights are associated with number of science courses taken,
working on an independent research project, taking multiple choice exams, and working on a
professor’s research project (these two last measures no doubt reflect the tendency of psychology
professors to rely on multiple choice tests and to use their students as subjects in their own
research). Other involvement measures showing positive weights include enrolling in women’s
studies courses, receiving personal/psychological counseling, and participating in the volunteer
work. Negative involvement variables include number of math/numerical courses taken, number
of history courses taken, working on a group project for a class, tutoring other students, and

participating in intramural sports.

Social Science

The simple correlation between freshman and follow-up choice of a social science major is
-33; the final multiple R is .45. Input measures that add positively to the prediction of a final major
in social science include the following: SAT Verbal score, interest in influencing the political
structure or in being an expert in finance or commerce, planning a high level degree, being Jewish,
having high socioeconomic status, being undecided about both career and major, and expecting to
change the freshman major field choice. Negative factors include interest in creating artistic works,
freshman choice of an engineering major, and commitment to making a theoretical contribution to
science. That this last input measure carries a negative weight is further evidence supporting the
argument that social sciences should not be combined with natural science and engineering.

Environmental factors having a positive effect on choosing a final major in social science
include three peer measures: Peer Socioeconomic Status, peer Intellectual Self-esteem, and the
percent of peers majoring in social science. Students’ chances of ending up with a final choice in
social science also increases if the student attends college far from home. One faculty measure has
a positive effect on choosing a major in social science: The Humanities Orientation. Negative
faculty measures include the reliance on multiple choice exams and a positive faculty attitude

toward the general educational program. Once again, we find evidence that heavy reliance on
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multiple choice testing discourages students from choosing a social science major. However, the
result concerning the negative effect of faculty attitudes toward the general education program is
puzzling.

Most of the involvement measures having significant weights in the final regression equation
appear to be artifacts: The largest positive weights are associated with taking essay exams, number
of history courses taken, enrolling in ethnic Study courses, and enrolling in interdisciplinary
courses. Negative weights are associated with number of science courses taken, giving class
presentations, hours spent attending classes or labs, and taking multiple choice exams. Positive
weights are also associated with discussing racial/ethnic issues and with hours per week spent
partying. Other negative weights include hours per week spent on hobbies and hours per week

spent watching television.

Career Choice
Given that many potentially important results are likely to be lost when engineering is
combined with natural science, or when social sciences are combined with natural science and
engineering, we will limit our discussion here to three career outcomes: Engineer, Research
Scientist (scientist/college teacher), and Scientist-Practitioner. These are all non-overlapping
categories that account for all of the career choice categories discussed in the preceding chapter,
with a single exception of those categories that include college teachers from psychology or the

social sciences (less than 1 percent of the sample).

Research Scientist

The pretest-postiest correlation involving this career outcome is quite small (r=.28). Other
input variables which add to the prediction of a final choice of a Research Scientist career include
interest in making a theoretical contribution to science, SAT math score, choosing a freshman major
in natural science, having a father who is a research scientist, and having a mother who is a
research scientist. Other positive input prediciors include giving “preparation for graduate school”

as a reason for attending college, commitment t becoming an authority in one’s field, interest in
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obtairing recognition from colleagues, interest in becoming involved in programs to clean up the
environment, and being undecided about one’s career. Again, this last predictor suggests that the
career of Research Scientist recruits a number of initially undecided people during the
undergraduate years. Only two input variables enter the regression with negative weights: Social
Activism and Status Striving. Since obtaining recognition from colleagues and becoming an
authority are part of the Status Striver measure, why should they have positive weights while the
Status Striver score has a negative weight? In all likelihood, this seemingly contradictory result
occurs because the other components of Status Striving--interest in business and wanting to be
very well off financiailly—are no doubt negaiive predictors of choosing a career as a research
scientist. A similar interpretation would account for the fact that Social Activism predicts
negatively, but that one component of Social Activism—interest in becoming involved in cleaning
up the environment--has a positive effect. Thus, it would appear that, while Social Activists in
general tend not to become Research Scientists, interest in environmental issues as such (a
component of Social Activism) tends to be a positive factor in choosing a career in research.

Only two environmental variables appear to have significant effects on choosing a career as a
research scientist: having a grant from the college and the use of written evaluations. The first of
these two measures has already been observed in regressions for majoring in natural science. The
second measure raises some interesting possibilities for speculation. In another large scale study
using this same data base (Astin, 1993), the use of written evaluations had a positive effect on
careers both in research and in college teaching (both components of the current measure).
Although only 4% of the student sample used in this analysis attended colleges where written
evaluations of student performance are used, this pedagogical approach appears to offer some
promise as a technique for recruiting more students into science careers. In all likelihood, the
effect is related to the fact that, in order to write a coherent student evaluation, a professor
ordinarily needs to become closely acquainied with the student’s work. Thus, the use of written
evaluations may create stronger bonds between the professor and the student because (a) students

perceive their professors as taking a personal interest in their academic deveiopment and (b)
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professors get to know the students better. As a consequence, teachers may come to be perceived
as positive role models that the student subsequently emulates by deciding to pursue a career either
in science or in college teaching.

As was the case with major field choices, the career choice of Research Scientist is
substantially correlated with a number of intermediate outcomes or involvement measures that
appear to be primarily artifacts. There are, nevertheless, some interesting involvement measures
that might indeed represent possible ways of increasing student’s interest in science careers. Thus,
we find positive partial correlations with talking with faculty outside of class, assisting faculty in
teaching a course, working on an independent research project, and working on a professor’s
research projects. While it is possible to argue that some or all of these variables are gutcomes of
choosing a science career rather than causes of that choice, the possibility remains that some of

these experiences may indeed reinforce the student’s interest in science.

Engineering

The regression analysis for choosing a career in engineering produces results that are very
similar to the results obtained in the analysis of engineering majors. The simple pretest-posttest
correlation involving this choice is .49; the final multiple R is .56. Other input variables that add
significantly to the prediction of a career choice in engineering include the student’s SAT math
score, self-rating on mathematical ability, Scientific Orientation, being a male, having a father who
is an engineer, high school grades, and choosing a freshman major either in engineering or in some
vocational/technical field. Students are also more likely to end up choosing a career in engineering
if they give “parent’s desires” as an important reason for their decision to go to college. Negative
input predictors include giving “to become a more cultured person” as a reason for attending
college and choosing an initial major in biological science.

A number of peer factors turn out to have positive effects on choice of an engineering career.
By far the strongest factor is tbz percent of peers majoring in engineering. The percent majoring in

math/statistics also has a small positive weight. However, the percent of peers majoring in
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physical science proves to have a negative effect on choosing an engineering career, a finding
which, once again, reinforces the earlier interpretation that there is in certain institutions
competition for students between engineering and the physical sciences. Both the percent of
students majoring in physical sciences and the percent majoring in engineering also have non-linear
effects. Thus, the dummy variables representing the highest categories of these measures (over
16% majoring in physical science and over 28% majoring in engineering) both contribute
significantly to the regression after all other variables had been controlled. Again, it would appear
that the effects of these two peer measures depend to a certain extent on reaching a “critical mass”
in terms of students in either physical sciences or en gineering.

Three other environmental variables produce negative effects on choosing a career in
engineering: offering women'’s or gender studies courses, having a student body comprising more
than 80% men, and institutional size. These last two environmental variables have positive simple
correlaiions, but the coefficients become negative after other input and environmental variables are
controlled. Why students should be less likely to end up pursuing engineering careers when they
attend institutions with a very high percentage of men is not immediately clear. One possibility is
that this is an artifact created by the presence of several military academies in our sample. All of
these institutions enroll more than 80% men, and very high percentages of their students also major
in engineering. However, relatively few graduates of military academies plan careers as engineers.
Thus, even though many of their undergraduates major in engineering, most are probably not
pursuing careers as engineers. Rather, they are most likely planning careers either in the military
or, once they complete their obligatory military service, in some civilian occupations other than
engineering. This interpretation is consistent with the finding that having more than 80 percent
men did not affect choice of an engineering major.

Among the several involvement variables entering the regression, all appear to be artifacts
with one possible exception: the positive effect of hours per week spent studying or doing

homework.
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Scientist-Practitioner

The pretest-posttest correlation involving the Science-Practitioner career is .42. The final
multiple R is .51. Other entering characteristics which are positively related in choosing a career as
a Scientist-Practitioner include high school grades, SAT math score, highest degree aspired to,
choosing a freshman major in biological science, and having a father who is a doctor. Input
variables with negative weights include being white and choosing a freshman major in either
business or social science.

Only two environmental variables add significantly to the prediction of this career choice, and
both have positive weights: positive faculty attitudes about the general education program and the
percent of Jewish students in the siudent body. This latter measure may well represent a proxy for
the percent of students pursuing careers in medicine (Astin, 1993).

As has been the case with other major and career outcomes, most of the involvement or
intermediate outcome measures can be explained as artifacts of the student’s final choice. The only
possible exceptions are the positive weights associated with the hours per week spent in volunteer
work and working on a professor’s research project. It is of particular interest that the student’s
undergraduate GPA also carries a significant positive weight in the final regression. This effect
may well reflect the heavy weight given to the applicant’s undergraduate grades in the admissions
policies of most medical/dental/veterinarian schools. It may well be that those students who get
relatively poor undergraduate GFAs subsequently abandon plans to pursue careers in these highly
selective fields.

Summary and Discussion
The regression results reported in this chapter will be discussed separately under two major

headings: input factors and environmental factors.

Input Factors

One of the most consistent and potentially important patterns of input effects corcerns
measures of student achievement and ability. Table 4.1 summarizes the effects of three such

measures: SAT Math, SAT Verbal, and high school grade point average (GPA). As it turns out, the
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student’s score on the SAT Mathematics test is a significant predictor of gvery SME career choice or
major field choice except the social science major (in this instance, the SAT Verbal carries a
significant predictive weight). The final Beta coefficients shown in Table 4.1 are substantially
smaller than the simple correlations, primarily because the freshman career and major field choices
have also been controlled. In other words, the ability and achievement variables shown in
Table 4.1 have both direct and indirect effects on students’ career and major field choices. The

direct effects are shown under the “Beta” columns, which represent the residual effect of the ability

Table 4.1 ,
The Effects of Academic Ability on Choice of Science Majors or Careers During

The College Years

SAT SAT High School
Math Verbal _ GPA _
Final Choice r Beta I Beta* r Beta*
Major
Biological Science 10 .04 A3 .06
Physical Science 16 .05
Engineering 22 .08 13 .04
Science & Engineering I 30 .09 .23 .08
Social Science 15 .08
Career
Engineer 17 .03 A1 .04
Research Scientist A2 .06
Scientist/Practitioner 09 .04 11 .05

*After freshman choice and after input and environmental variables are controlled.
Note: All coefficients are statistically significant (p<.0001)

or achievement measure after the effects of all other independent variables (including freshman
choices) have been controlled. In path analytical terms, the simple correlations are larger in part
because ability also affects the final career and major field choices indirectly through its effects on
the freshman career and major field choices. Thus, most of the shrinkage that occurs between the
simple correlation and final Beta occurs when the freshman career and major field choices are
controlled. Another implication of these results is that ability and achievernent continue to affect

students’ decisions about studying science and pursuing a science career for sometime after they

leave high school.




These direct and indirect effects of ability and achievernent on the student’s interests in
studying science in college and in pursuing a scientific career after college have important
implications for future science educauon policy. For one thing, they suggest that the number of
students pursuing science majors and careers at the point of college entry and at the completion of
college could be increased if the overall level of mathematical competency in the high school
population could also be increased. The independent positive effects of the student’s high school
grades suggest that these numbers could also be increased if the overall level of academic
achievement of students could be increased at the secondary level.

Another consistent pattern of input effects concerns the occupations of students’ parents.

(Table 4.2). As it turns out, all three career choices for which regression results are reported in

Table 4.2

“Occupational Inheritance” in the Choice of a Science Career

Student Career Parental Career Simple r Final Beta

Engineer Father: Engineer .09 .03

Research Scientist Father: Research Scientist .06 .03
Mother: Research Scientist .07 .05

Scientist-Practitioner Father: Physician 12 .06

Note: All coefficients are statistically significant (p.<0001).

this chapter—engineer, scientist, scientist-practitioner—are positively influenced by having one or
both parents in the same career (by “same” we refer to the fact that the scientist-practitioner
category comprises primarily students pursuing careers as physicians).

When it comes to the student’s race and socioeconomic status, there are only a few scattered
findings. Being Asian contributes positively to choosing a final major in engineering, whereas

being white is a negative predictor of choosing a career as a scientist-practitioner. Socioeconomic
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status is a positive predictor of choosing a major in social science and a negative predictor of
choosing a career as an engineer. Otherwise, race and socioeconomic status do not contribute to
the prediction of any career or major field choices.

The student’s sex turns out to be a significant predictor of only three outcomes: psychology
major (being a woman is a positive predictor), and engineering major and career (being a man is a
positive predictor of both). In short, while psychology enjoys a net gain in the proportion of
women majors during undergraduate years, engineering experiences a net loss. Since the sex
variable maintains a significant Beta throughout these three regressions, these sex effects cannot be
entirely attributable to other variables such as ability, achievement, freshman choices,

socioeconomic status, Or race.

Environmental Factors

The clearest and most consistent pattern of environmental effects on student choice outcomes
is associated with the concentration of peers in various fields of study. Basically, the greater the
proportion of peers majoring in a particular SME field, the greater the likelihood that any given
student will end up choosing a career in that same field. Table 4.3 shows the results for the four
principal categories of majors: biological science, physical science, engineering, and social
science. The percentage of students majoring in engineering also has a positive effect on the
student’s choice of an engineering career. For at least three of these outcomes—physical science
major, engineering major, and engineering career—the effect is nonlinear, with the curve
accelerating at the higher end of the distribution of relevant majors.

These environmental effects are similar in character to a wide range of peer group effects on
other outcomes identified in a recent study using the same data base (Astin, 1993). Basicall . the
general principal to be derived from these empirical findings can be stated rather simply: during thg

undergraduate years, jndividual students tend to become more like their peers. This finding

suggests a very practical question that needs further exploration: who, in fact, are any given
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Table 4.3

@‘ects of Peer Interests on Student's Final Choice of Major

(Outcome) (Environment) Beta
Student’s Percent of Peers after

Final Major Majoring in r _ Input? Finald
Biological Science Biological Science A2 .04 .04
Physical Science Physical Science 14 .09 .08
Engineering Engineering 34 13 .17
Social Science Social Science .25 .15 .12

Afier initial choice of major, career choice, and other entering freshman characleristics have been controlled.
bAfter entering freshman characteristics and all other environmental variables have been controlled.

Note: All coefficients are statisticaily significant (p<.0001)

student’s “peers”? In these analyses this question has been answered somewhat simplistically: “all
other members of the student’s entering freshman class.,” However, the fact is that each student, to

a certain extent, selects his or her own associates and peers within any new class of entering

students. In other words, stucenis do not associate at random with fellow students. Indeed, the
non-linear effects of some of these peer measures suggests that, as the number or proportion of
peers majoring in a particular field increases, the probability that any individual student majoring in
the same field will associate primarily or exclusively with students majoring in that field increases
exponentially. A physics major attending a small college may affiliate primarily with nonscience
majors, but a physics major attending a technologically oriented university may well affiliate
primarily with other natural science majors.

There m. v also be structural features of certain institutions that facilitate or encourage
affiliation among peers in the same major. For example, in those institutions with very large
engineering programs, tne engineering majors may be physically segregated from other students in
a separate “school” or large department. They may even live in similar sections of residence halls
and socialize and study together. Under these conditions, students who are entertaining second
thoughts about the wisdom of majoring in engineering might be subjected io substantial peer
piessure to remain in engineering. By contrast, an engineering major who affiliates primarily with

studenits majoring in liberal arts fields might receive strong peer support for changing to some other




support for changing to some other major. One way to test these ir:erpretations would be to
determine if the non-linear effect of ti.e percent of peers in engineering is stronger for students who
initially choose an engineering major (persisters) than for students who initially choose some other
major (“recruits”). Such a possibility will be explored in the next chapter, when ‘persisters” and
“recruits” are studied separately.

The fact that the concentration of students in various majors does not have the same clear-cut
impact on the careers of Research Scientist and Scientist-Practitioner may well reflect the absence
of parallel peer group measures. That is, we did not incorporate measures such as the proportion
of students planning to become Scientist-Practitioners or the proportion planning to become
Research Scientists.

The findings also suggests that there may be significant interdepartmental competition for
majors among certain SME fields, especially between engineering and the physical sciences. Thus,
in the analyses of both engineering majors and engineering careers, the student’s choice was
negatively affected by the percentage of peers majoring in the physical sciences. Again, these
effects are non-linear, such that the largest effect occurs in those institutions with the highest
percentage of peers majoring in physical sciences. Why should students be ]ess likely to end up
pursuing a career in engineering if they happen to attend a college where many student peers are
studying some field of physical science? One possible explanation concerns the status differences
that one typically encounters among the different scientific fields. Within the brozad field of science
and engineering, engineering is often regarded as having lower status because it is an “applied” or
“professional” field, rather than a “pure” or “academic” discipline. It may well be that, when an
institution simultaneously operates an engineering program and a large undergraduate program in
the physical sciences, many students are tempted to leave engineering in order to enroll in the more
prestigious physical science fields.

The competitive effects of the proportion of peers majoring in engineering and the proportion
majoring in physical science is shown in Table 4.4. Among the 1,376 students in our sample who

started college in 1985 intending to pursue a career in engineering, 36% still planned on being
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engineers four years later. However, among freshman engineering students who enrolled in
colleges with the highest percentage of peers majoring in the physical sciences (more than 16%),
only 13% were still pursuing engineering careers in 1989. A similar negative (and non-linear)
effect of the concentration of students in physical science majors was observed in the analysis of
biological science majors.

There seem to be several possible policy implications of these findings. First of all, it would
appear that the numbers of students who end up pursuing particular science majors and science
careers would be increased if SME students could be jsolated from their peers in other fields.

Table 4.4

Effect of Peer Interests in Science and Engineering on Choice of an Engineering Career
(N=1,370 Freshmen Intendinw Become En ginecrs in 1985)

Percent Pursuing Engineering Careers in 1989 Among
Students Enrolling at Institutions Where the Percent

of Peers Majoring in Physical Science Fields is

Percent of Peers

Majoring in less than 5-16 over 16 Total
Engineering N S percent percent percent Sample
More than 28 259 46 53 13 40
17-28 541 42 43 * 42
1-16 361 33 36 * 33
Less than 1 179 17 13 * 15

* Sample size too small to compute reliable percents.

Whether such a policy would be desirable from the larger perspective of the institution’s
educational mission or goals, or whether it would be desirable from the point of view of the
students’ overall educational experience, is beyond the scope of this discussion. Another
implication is that the number of students pursuing engineering majors and careers could be
increased if the engineering programs could be located in institutions with relatively small physical
science programs or somehow isolated from the physical science programs. Again, whether such

a policy would be desirable with respect to other institutional goals and objectives is questionable.
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Another interesting pattern of environmental effects concerns student-faculty interaction and
student-student interaction. Frequent inter’action between students and faculty has a positive effect
on all SME outcomes except engineering majors and engineering careers. The most plausible
interpretation of these effects is in terms of role modeling: Students will be more likely to see their
science teachers as potential role models if they frequently interact with them.

Why student-faculty interaction does not also have a positive effect on choosing a major or
career in engineering is not immediately clear. One possibility relates to the general climate that
students encounter in the typical engineering programs (see the earlier discussion under
Engineering Majors). Analyses reported in Chapter 9 indicate that engineering instructors are less
likely to use active leamning techniques. Or perhaps of greater reievance is the fact that students in
engineering prograrﬁs tend to be less satisfied with their faculty and less satisfied with the quality
of instruction than are students in other majors. Thus, the greater interaction with facuity may not
have the same positive effect on engineering students simply because these interactions are less
likely to be perceived as favorable.

Another set of findings with possible policy significance is the positive effects of
participation in honors programs on all SME outromes except engineering careers and majors.
Honors programs, which also have a number of positive effects on other developmental outcomes
(Astin, 1977; Astin, 1993), may well work through the mechanism of student “involvement.” In
other words, honors programs may elicit greater involvemerit from students by immersing them in
the subject matter of their major. Honors programs may also be effective because they stimulate
greater peer interaction within particular fields of study.

Still another set of findings with possible policy significance concems the effects of work.
Having a part-time job on campus appears to increase the student’s chances of ending up majoring
in some field of natural science. However, off-campus employment ha:, negative effects on three
SME outcomes: majoring in Physical Science, majoring in Enginecring, and choosing a career as a

Research Scientist.

4-28
&6




Still other variables that may help to strengthen the student’s interest in science are

! independent research projects, and tutoring other students. While the possibility remains that some
of these activities are the result rather than the ¢ause of the student’s final decision to major in

science or pursue a science career, it may well be worth conducting some small-scale experiments

s participating in professors’ research projects, assisting faculty in teaching courses, participating in

to determiine if such activities can indeed be effective in promoting the student’s interest in science.
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CHAPTER 5

Persistence in, Defection from, and Recruitment into Sciences and Engineering

Chapter 4 examined the personal characteristics of students as well as their college
experiences that resulted in their choosing to major in the sciences or in engineering and in their
career aspirations for such fields.

In this chapter we examine what differentiates those students who persist in scientific and
engineering majors and careers from those who defect. We also examine what kinds of college
experiences encourage students to shift from other areas into engineering and/or science, in other
words, to become recruits to SME fields. We define persisters as those students who hold the
same SME major or career aspiration at entry into college (1985) and four years later (1989).
Students who change their major or career from an SME field to social science, psychology or a
nonscience field between 1985 and 1989 are labeled defectors, and those who shift into an SME
field from a non-SME choice constitute the recruits.

Analyses were performed for three mﬁjor rield and three career aspirations. The majors
include: engineering, biolegical sciences, and physical sciences. The careers include: engineer,
scientist, and scientist/practitioner. (For details of specific fields included under each major
category, see appendix B).

Regression analyses followed the same pattern outlined in the methodology and ir; Chapter 4.
For each major and each career, two sets of analyses were performed. First an analysis was done
to differentiate persisters from defectors. A second analysis was done to identify predictors that
differentiated recruits into ihe sciences from students who remained in nonscience fields.

These analyses were first run for the total sample for each major field or career category.
However, separate analyses for men and women were performed if gender entered the regression
equation as a predictor of an outcome jn the total sample.

Each regression analysis is preceded by some descriptive statistics about the patterns of

stability and change within the specific career or major category.
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PHYSICAL SCIENCE MAJORS

Patterns of Stability and Change

This section examines similarities and differences among physical science majors who
persisted in, defected from, and were recruited into the physical sciences. Of the three science
major fields (physical sciences, biological sciences, and engineering) discussed in this section of
the report, the physical sciences weie the least popular among entesing students. While the net loss
of physizal science majors was smaller than for other science fields, there was still an “outflow”
from majors in the physical sciences from the time that students first entered college in 1985 until
four years later (see Table 5.1). Women were only half as likely as men were to report an initial

interest in majors in the physical sciences.

Table §.1
.I:(_z_r.’._‘e_n_r Choosing Physical Science Majors: 1985-1989
Percent Percent Change
N 1985 1949 1985-1989
All Students 26,306 6.3 5.2 -1.1
Men 10,592 8.4 7.1 -1.3
Wome.. 15,396 4.9 3.8 -1.1

The descriptive data shown in Table 5.1 include all students for whom we had longitudinal
data. (This “maximum” sample was also used in the descriptive analyses reported in Chapter 3.)
Subsequent analyses of physical science majors reported below use the more restricted sample,
with no institution contributing more than one percent of the cases. For this reason, the ..ggregate
figures from these multivariate analyses may deviate slightly from the data shown in Table 5.1.

In order to get a clearer picture of movement into and out of the physical sciences, it is
important to track the movement f students who defected from a major in physical sciences as
well as those students, who were recruited into majors in the physical sciences. Nearly 56 percent
of those students who entered -ollege in 1985 majoring in the physical sciences changed to majors

outside of the physical sciences sometime during their four years of college. Hence, it is important




to understand to which fields this science talent was lost. Table 5.2 shows the highest ranking

major fields of study which attracted those students who lef? study in the physical sciences during

college.

Table 5.2

Seven Top Major Field Choices ‘or Defectors from: the FPhysical Sciences
(N=604)

Major ficld Perceniage
Business 19.2
Sociai Sciences 16.9
Engineering 12.0
Education 8.7
History/Political Science 8.3
Other Technical Fields g.1
Biolcgical Sciences 7.4

Business fields drew the largest number of defectors from the physical sciences. Upon
examination of the entering characteristics of students who defected frotn the physical sciences (see
below), this finding is not surprising. These students had attributes and attitudes at the time of
college entry which suggested that they might move in that direction. Not all of the students who
defected from the physical sciences were lost totally from the science pipeline. Rather, their
interests shifted to other science and science-related disciplines. Nearly 20 percent of students who
left the physicai sciences moved into the fields of engineering and biological sciences.

‘The “inflow™ of students to the physical sciences nearly equaled the “outflow” of students
from: the physical sciences. It is important that we understand from which fields students come
who were recruited into study in the physical sciences. This may provide information for the
short-term as to where we might look to fill the “gaps” in the pipeline created by students who
defect from study in the physical sciences. The highest ranking major fields which supplied

recruits to the physical sciences are presented in Table 5.3,
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Table 5.3
Six Tep Initial Major Field Choices for Students Recruited to Physical Sciences
(N=623)

Major field Percentage
Engineering 30.8
Health-related fields 14.3
Gther Technical fields 12.0
Undecided 11.0
Business 8.1
Biological Sciences 7.9

As can be seen from the figures reported in Table 5.3, the majority of students who are

recruited into the physical sciences come from other science and science-related fields. Also

‘included in the group of recruits is a sizable percentage of students who entered college with an

interest in and aptitude for science study, but were undecided at the time they entered coliege as to
precisely what area they wanted to concentrate their studies. While the majority of students who
defected from study in the physical sciences moved into nonscience fields, most students who
moved into the physical sciences were recruited from other science and science-related fields.
Given that the three most common freshman fields for recruits are all science-related
(engineering, health, technical), it is reasonable to assume that many of the initially undecided
students were also science-oriented, but simply undecided on a specific major. By also adding
freshman biology majors, we end up with about 70-75% of physical science recruits coming from
freshman choices that were science-related. These facts underscore the fact that science is iargely a
one-way street during the undergraduate years, with substantial numbers of defectors and relatively

few recruits coming from nonscience fields.

Descriptive Characteristics of Persisters, Defectors, and Recruits

Some clear patterns emerged from the descriptive data regarding the pre-college
characteristics of students who began and/or ended as majors in the physical sciences. Persisters
and recruits both tended to report higher high school grades than did defectors. In addition, both
persisters and recruits, in comparison to students who defected from the physical sciences, tended
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to report higher levels of confidence in their academic and mathematical abilities. Finally, defectors
reported fewer physical science courses taken in high school than did persisters. Hence, when
compared to those students who defected, students who were persisters or recruits in the physical
sciences tended to show higher levels of academic achievement, higher levels of academic self-
confidence, and better preparation in the physical sciences(see tables in Appendix C).

The findings concerning the goals and values of students who defect from the study of the
physical sciences help to explain why defectors often choose to move into business fields.
Defectors from physical science study tend to place greater value on goals pertaining to money,
status, and entrepreneurial achievement than do siudents who either remain interested, or develop
an interest in the physical sciences. After exposure to study in the physical sciences, those
students who value money and status may find that these goals are incongruent with the lifestyle
they believe is available to them as a scientist. This may help to explain the large “outflow” from
the physical sciences into business fields.

The findings regarding differences in the college experiences of persisters, defectors, and
recruits also indicate important differences. Students who defect from study in the physical
sciences tend to work more often in part-time off-campus jobs or to work full-time while they are
in college. Both of these experiences tend to separate these students from the college environment
and limit the amount of exposure they have to many of the positive aspects of college attendance.
Study in the physical sciences is extremely time intensive and demanding for students. Being
removed from the college environment for substantial periods of time makes college even more
difficult for science students. This is particularly true for students who must work full-time while
they are in college.

Students who defect from the physical sciences alsoltend to report lower levels of satisfaction
with classes offered in the sciences and mathematics. They also report lower levels of satisfaction
in their relationships with faculty. Finally, defectors from physical science are less likely to report
‘nvolvement in other important activities with faculty (i.e., assisting in teaching a class, assisting

with research, being a guest in a professor’s home).
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Factors Involved in the Persistence, Defection, and Recruitment of Physical
Science Majors '

Persisters versus Defectors in the Physical Sciences

Persisters and defectors in the physical sciences come to college with similar educational
aspirations. To better understand what happens to students who lose interest in the physical
sciences, a stepwise regression analysis was performed to see what personal characteristics,
college characteristics, and college experiences served to predict either persistence or defection in

the study of physical science (the findings are summarized in Table 5.4).
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Table 5.4

Physical Science Majors—Persisters versus Defectors

(N=835) —_— e e
Simple

Variable r b Beia

Background Characteristics .

Scientific Orientation 21 .08 21

SAT-Math .19 .001 23

Expect to change major field -.17 -.09 -.15

Status Striver (personality type) -.14 -.02 -.14

Religious preference: Catholic .06 .09 .09

College Environments

Grant from the college .15 .07 .07

Institutional selectivity .03 -.005 -.14

Nonsectarian college .06 .09 .09

(R=.39)

College Experiences

Completed at least 4 years .10 (.08) (.03)

Had paper critiqued by instructor -.19 -.10 -.15

Took honors or advanced courses 21 10 10

Left school or transferred -.16 -.13 .-.10

Took muttiple choice exam -.18 -.06 -.10

Full-time job -.10 -.15 -.09

Hours per week: student clubs/organizations -.08 -.02 -.09

Assisted faculty in teaching 18 10 .09

(R=.49)

Notes: Cocfficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
significant.




Five of the input (or student background) characteristics entered the regression equation as
predictors of persistence or defection. The first two variables served as predictors of persistence
and represent measures of students’ initerest and aptitude toward the study of science. Scientific
orientation is a motivational measure based on students’ interest in and commitment to the study of
science. The higher a student’s scientific orientation, the more likely she/he is to persist as a
physical science major. Scores on the mathematics portion of the Scholastic Aptitude Test (SAT)
also predict persistence in physical sciences. This speal ; to the crucial role that mathematical
aptitude plays in students’ success in the study of physical sciences.

Two other input variables predict defection from the study of physical science. The first of
these was the students” estimate of the likelihood that they would change their major field sometime
during their college careers. This finding is not all that surprising. The second predictor of
defection was a personality measure called “Status Striving.” Status striving reflects a concern
with issues of money, materiali"m, and status. As discussed earlier, persons scoring high on
status striving perhaps came to see the lifestyle of the scientist as being incongruent with their
personal goals. Hence, to better fulfill these personal goals, such students feel that they have to
change to another field of study.

A surprisingly low number of college environmental characteristics entered the equation as
predictors of persistence. As was found in the overali regression (persisters, defectors and recruits
combined; see Chapter 4), students who receive grants directly from the institution to help defray
the costs of college are more likely to persist than students who do not receive this type of financial
aid. In addition, students who attend the more selective institutions are more likely to defect from
study in the physical sciences than are students who attend institutions of lower selectivity.

The third and final environmental variable to enter the regression equation is a dichotomous
variable representing nonsectarian four year colleges. Students who attend this type of institution
are more likely than students from other institutional types (i.e., public or private universities or

public colleges) to persist as physical science majors.
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There are two variables among the college experiences that warrant discussion in this
summary of results. The first is working full-time while attending college, which is related to
defection from physical sciences; the second is assisting a professor in teaching a class, which is
related to persistence in the physical sciences. These findings clearly suggesi that the more time a
student can devote to school and to working with professors, the more likely that student is to

remain in the physical sciences.

Summary of Findings Regarding Persistence and Defection in the Physical Sciences

In reviewing the findings regarding the comparison of persisters versus defectors in the
physical sciences, we are able to develop a clearer picture of what differentiates these two groups
from each other. Most of these findings confirm what was found in the overall analysis of
physical science majors (Chapter 4). Persisters tend to be more scientifically oriented in their
interests and motivation. In addition, they tend to have a higher aptitude for scientific study, as

measured by their scores on the mathemstics portion of the SAT. On the other hand, students who
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are more concerned with issues of money, materialism, and status will more likely defect from the
study of physical science. As already mentioned, they may have discovered that the lifestyle of the
scientist was incongruent with their personal values. This would also help to explain the large
influx cof physical science defectors into the business fields.

It is disappointing that so few variables measuring the college environment entered the
equation as either predictors of persistence or defection. If more variables had entered as
predictors, we may have been able to learn more about the relative effects of different college
environments in this process. However, the variables that enter do tell us something. Students
who receive aid in the form of grants from the college tend to persist more than students who
receive other types of financial aid. In addition, students who attend nonsectarian four year private
colleges tend to persist more than students who attend other types of institutions.

The lone predictor of defection among the coliege environments is the selectivity level of
institutions. Students from more selective institutions tend to defect more than do students from
institutions of lower selectivity. This may have to do with the competitive nature of many of the
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highly selective institutions. The effects of these highly competitive environments may serve to
discourage interest in the study of physical science. This may have serious consequences for the
quality of talent pursuing science careers, since selective institutions by definition, enroll a
disproportionate number of the highest ability students.

The negative effects of working off campus (especially full time work) on persistence in
physical science has clear implications for financial aid: policies that require students to work off

campus will probably deplete the pool of prospective science majors.

Recruitment into the Physical Sciences

Students who were recruited into the study of science may be the most interesting group of
all. It is from within this group that we may be able to find a short-term solution to plug some of
the leaks in the science pipeline. By studying students who did not begin with a major in the
physical sciences, and comparing those who switched into the physical sciences with those who
did not, we can begin to identify those fac >rs which serve to encourage or discourage the
development of interest in the study of physical sciences. This comparison was done through
another regression analysis which compared physical science recruits to non-recruits. The
summary of results of this regression is presented in Table 5.5.

Non-physical science freshmen who qualify as “Scholars” (Scholars are students who rate
themselves highly on academic ability, intellectual self-confidence, and mathematical ability, and
aspire to advanced degrees) and who had a strong orientation toward science are most likely to
become physical science majors. Being scientifically oriented is also related to persistence, as is
the next predictor of recruitment: scores on the mathematics section of the SAT. Students who
took more high school courses in computer sciences were also more likely to be recruited into the
physical sciences from other freshman majors.

As would be expected, non-physical science freshmen who expect that they will change their
career choice during coliege are also likely to become recruits in the physical sciences. Consistent
with the aforementioned finding on computer science courses, freshmen who report that they used

a personal computer while in high school are also slightly more likely than other students
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Table 5.5
rhysical Science Majors—Recruits versus All Others (N=1 1!3982
I Simple
Variable r b Beta
Background Characteristics
Scholar (personality type) 13 .01 11
' Scientific orientation A2 02 .08
Classified as more than one personality type -.00 -.01 -.03
SAT-Math 11 .00002 .10
' SAT-Verbal 04 100001 07
Years of computer science in high school .06 .01 .03
Race: African American 03 .02 .03
Leader (personality type) -03 -004 -.05
I Religious preference: Jewish -.03 -01 -.02
Status Striver (personality type) -.03 (.00005) -01)
Personal goal: write original works -04 -01 -.04
Expect to change career choice 02 .01 .03
Used a personal computer in high school .07 .007 .03
Years of physical science in high school 07 (.003) .02)
Years of biological science in high school -.01 -.01 -.03
I 1985 career aspiration: business -.06 -.02 -04
1985 career aspiration: law -.04 -.02 -.03
1985 career aspiration: secondary education 02 (.02) (.02)
I College Environments
Financial support from parents -03 (-.001) (-01)
Distance from home to college .03 (.00004) (.00)
Faculty perception: student orientation .05 (.001) (o1
I Peers: Qutside work -.06 -.01) (-.02)
Faculty: Research orientation -.02 -.003 -.08
Peers: Intellectual self-esteem .07 (.002) (.02)
Faculty perception: Diversity emphasis 02 (.002) (.02)
I Peers: Scientific orientation .07 (-.002) (-.00)
Peers: percent majoring in physical sciences .14 .003 .07
Peers: percent majoring in math/statistics .08 002 .03
I Protestant college -01 -02 -.03
(R=.26)
College Experiences
l Tutored ancther student 12 .03 .09
Worked on professor’s research .08 .02 .05
Took an essay exam -.06 -01 -.03
Worked on group project for class -.04 -.01 -04
Assisted faculty in teaching .09 .02 .04
Studied abroad -.03 -02 -4
Took a multiple choice exam -.06 -.01 -.04
I Hours per week: student clubs/organizations -02 -.004 -.03
Hours per week: using a personal computer .06 004 .03
Had paper critiqued by instructor -.05 -01 -.03
Socialized with someone of another race -.02 -.01 -.02
l Participated in college internship program -.04 -.01 -.02
{R=.30)
Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
' after all environmental variables entercd the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
' significant.
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to become recruits into the physical sciences during college. Finally, African-American students
are more likely to be recruited into the study of physical sciences than are students from other racial
backgrounds.

There are eight additional input variables which were significant as predictors of students
remaining in some field other than the physical sciences. One of these is being classified as more
than one personality type, which indicates how many different personality types (from none to
seven) that the student resembles (“Scholar” and “Status Striver” are two of these types). Students
who qualify for several types may'have a variety of interests and abilities which make it difficult
for them to commit to a highly specialized field such as physical science. Rather than limiting their
studies in this way, they may prefer to leave their options open by opting for fields such as the
social or behavioral sciences.

Those freshmen who were classified as “Leaders” (Leaders rate themselves highly on
leadership ability, popularity, and social self-confidence) are also less likely than nonleaders to
become recruits to the physical sciences. Again, Leaders are probably attracted to other academic
disciplines which provide them with more opportunities to explore their interests. In addition, if
Leaders subsequently chose to become involved in co-curricular activities and positions of
leadership during college, it will be difficult for them to become successful physical science
majors, given the heavy time commitment typically involved with these majors.

Another negative predictor of recruitment is the Verbal score on the SAT. Perhaps students
with high verbal skills are more attracted to academic fields that afford them a better opportunity to
use and develop these skills. This explanation would also apply to another negative predictor: the
goal of writing original works. Surprisingly, taking many high school courses in the biological
sciences also reduces the students’ chances of becoming recruits into the physical sciences. If such
students are attracted to scientific study, it is likely that they choose to do so in biology as opposed
to the physical sciences. Finally, aspiring to a career in either law or business also reduces the

freshman’s odds of becoming a physical science recruit.




The two environmental variables that enter as predictors of recruitment provide evidence
which supports the importance of student peer groups in the process of recruitment into the
physical sciences: the percentages of students enrolled in the physical sciences and in mathematics
and statistics courses are both positive predictors of recruitment into these major areas. The larger
category of “physical sciences” used in these analyses comprises both of these major field areas.

One of the two variables that turn out to be negative predictors of recmitmenAt is of particular
concern: a strong faculty orientation toward research tends to discourage recruitment into the
physical sciences. In other words, the more research oriented the faculty at an institution, the less
likely it is that students will be recruited into majors in the physical sciences at that institution.
Faculty with very strong research orientations tend to be concentrated in the very selective public
and private universities that enroll large proportions of our ablest undergraduates. One possible
interpretation of this effect is that faculty at these institutions are less involved with their
undergraduate students because of their heavy involvement in research and the use of graduate
students rather than undergraduate students as research assistants.

The fact that attending a Protestant college also decreases the student’s chances of being
recruited into study in the physical sciences may have to do with the historic focus on the arts and
humanities at these institutions. Such a focus may serve to deter students at these institutions from
switching into majors in the physical sciences.

With respect to college experiences, tutoring another student while in college increases the
students chances of being a physical science recruit. While this finding suggests that the student’s
interest in and commitment to science study can be increased through collaborative work with other
students, it may also be an artifact: students may be more likely to tutor other students because they
switch into a physical science major.

The other two variables involved student interactions with faculty. Students who worked on
faculty research and students who assisted faculty in teaching a class were both more likely to be
physical science recruits than were students who did not engage in either of these activities. These

findings confirm the overall regression results reported in Chapter 4.
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Swummary of Findings Regarding Recruitment in the Physical Sciences

Like students who persisted in the physical sciences, students who were recruited tended to
have higher levels of academic preparation and scientific orientation. They scored higher on the
mathematics section of the SAT and enrolled in more science-related classes while they were in high
school.

But perhaps the most provocative finding concerns peer group effects: The positive effects
of the percentage of peers majoring in physical science (reported in Chapter 4) appears to work
primarily through recruitment rather than through retention. In other words, having many peers in
the physical sciences serves less as a mechanism for retaining physical science majors (as
suggested in Chapter 4) than as a magnet attracting dropouts from other majors: the greater the
concentration of students in physical sciences, the more likely it is that students in other majors
(engineering and biology, in particular) will switch into physical science.

A simple interpretation can be applied to the negative effect of faculty being strongly
research-oriented: this faculty quality serves less to drive students out of the physical sciences than
to discourage them from switching into the physical sciences from other fields. In all likelihood,
the image presented by heavy faculty involvement in research (and the consequent lack of interest
in undergraduates) is not appealing to students who might otherwise consider entering the physical
sciences.

Students with strong verbal and language skills tended not to be recruited into the physical
sciences. This also held true for students with strong career aspirations in business and in the law.
Students with interests in these areas usually follow a much different educational path than do
students in science fields, and, as a result may have little or no exposure to the study of science
while in college.

The findings regarding the college experiences of students offer potentially important clues as
to how to recruit more students into science. By involving more students in research with faculty
and by providing more opportunities to participate in the education of other students, we might

encourage more students to pursue physical science majors.
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BIOLOGY MAJORS

Patterns of Stability and Change

As shown in Chapter 3, there was a trend toward loss of students majoring in biological
sciences between the time that they first entered college in 1985 and when they were followed-up
in 1989 (see Table 5.6). While the loss of biclogical science majors was evident for all students,
the loss was greatest among women students. These figures indicate an “outflow” from.majors in

the undergraduate pipeline in the biological sciences.

¢

Table 5.6
Percent Choosing Biological Science Majors: 1985-1989
Percent Percent Chan
N 1985 1989 1985-1989
All Students 26,306 11.9 6.2 -5.7
Men 10,562 12.1 6.7 -5.4
Women 15,396 11.9 6.0 -5.9 -

The descriptive data shown in Table 5.6 include all students for whom we had longitudinal
data. (This “maximum” sample was also used in the descriptive analyses reported in Chapter 3.)
Subsequent analyses of biological science majors reported below use the more restricted sample,
with no institution contributing mor= than one percent of the cases. For this reason,‘\:he aggregate
figures from these multivariate analyses may deviate slightly from the.data shown in Table 5.6.

More than half of those students who entered college with an initial major choice in the
biological sciences ended up defecting from study in biology four years after entering college. In
the more limited sample, 1,909 entering students indicated an interest in th;: study of biology at the
time that they firs. entered college. After four years, 1,097 of these students had defected to some
other field, however, only 380 students were recruited into study in the biological sciences during
the same time, yielding a net loss of 717 students over the four years.

In order to better understand the patterns of change among those students who persisted,
defected, and were recruited into study in the biological sciences, it is important to identify which

fields tend to attract students away from biological sciences study and which fields yield a potential
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supply of recruits into the biological sciences. Table 5.7 lists the top fields into which defectors
reported that they had changed their majors. While 11 percent of those students who defected from
study in the biological sciences shifted ‘nto the physical sciences, the majority of these defectors

were lost from study in scientific fields.

;221; iiZMajor Field Choices for Defectors from Biological Sciences
(N=1909)

Major field Percentage
Social Sciences 28.1
Business 12.8
Physical Sciences 11.0
History/Political Science 9.8

Education 9.1

By tracking the original fields of study of those students who were recruited into study in
biological sciences, we may be able to identify areas where recruiting efforts might best be directed
to compensate for the loss of defectors from undergraduate science education. Table 5.8 shows

those fields which supplied the highest percentages of recruits into the biological sciences.

%5\252%%81m:ia1 Major Field Choices for Students Recruited to Biological Sciences
Major field Percentage
Undecided 28.1

Other technical fields 13.4
Engineering 11.8

Health Professions 11.2

Business 10.0
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Descriptive Characteristics of Persisters, Defectors, and Recruils

White students tended to comprise the largest proportion of recruits into study in the
biological sciences followed by Asian-American students. African-American students tended to be
among the highest proportion of students who defected from study in biology (see Appendix C).
These patterns are similar to those found for engineering majors (see below).

If we can assume that a majority of initially undecided students were interested in science but
simply undecided as to which science field they would choose as a major, then the bulk of the
recruits to biological science come from other science fields (undecided, technical, engineering,
health professions, etc). Again, we see the “one-way street” for science “traffic” during the college
years.

Students who defect from study in biology tend to have lower high school grades than do
persisters. Compared to recruits, both persisters and defectors report higher levels of academic
preparation in the biological sciences during high school: 66.6 and 64.0 percent, respectively, as
compared to 56.5 percent of the recruits who report completing at least two years of study in
biological science. At the time they enter college, both persisters and defectors have higher degree
aspirations than do recruits. During the four years of college, persisters maintained their high
degree aspirations, while recruits’ degree aspirations rose and the degree aspirations of defectors
decreased.

Recruits are much more likely than either persisters or defectors to report that they considered
it likely that they would change both their career choice and their major choice at the time that they
entered college. They were also less confident in their academic abilities. Recruits felt that they
would be less likely to maintain at least a “B” average while in college than did persisters or
defectors.

Regarding the enrollment patterns of these three groups, both recruits and defectors report
higher rates of transfer from the colleges that they entered. as freshmen. The most important

reasons that both groups gave for their decision to transfer include: (1) they wanted to reconsider
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their goals and interests, (2) they had changed their career plans, and (3) they wanted a wider

course selection.

Factors Involved in the Persistence, Defection, and Recruitment of Students into
Biological Science Majors

So that we could identify the factors that differentiated among the three groups of biological
science students, we ran two separate regression analyses which (a) compared persisters to
defectors and (b) compared recruits to those who maintained non-science major choices throughout

the four years.

Persistence versus Defection in the Biviogical Sciences

The results of the regression predicting persistence versus defection in the biologic:;ﬂ sciences
are summarized in Table 5.9. Positive predictors of persistence include the mathematics portion of
the SAT, class rank from high school, and aspirations to be a research scientist at the time of
college entry. Negative predictors (i.e., predictors of defection) include expecting to change
major, having hedonistic tendencies, experiencing frequent feelings of depression prior to
attending college, and having poor self-ratings on emotional health.

There are several aspects of the college environment that predict persistence. The percent of
peers majoring in biological sciences has the strongest positive effect. However, the percent
majoring in the physical sciences and the percent majoring in the social sciences both have negative
effects on persistence in biology. These findings once again underscore the importance of peer
group effects on student persistence. Students who are in environments with higher percentages of
other students who share similar academic interests are more likely to persist than are those
students who are in college environments with relatively few students in the same field.
Conversely, biology majors will be more likely to change to some other major if high percentages
of their peers are majoring in either physical science or social science fields.

It is of particular interest that attending institutions which offer an MBRS (Minority

Biomedical Research Scholarship) program tends to enhance persistence in an initial choice of a
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Table 5.9
Biological Science Majors—Persisters versus Defectors (N=1508)

Simple
Variable r b Beta
Background Characteristics
SAT-Math 15 .001 .20
Expect to change major field choice - 11 -.05 -.09
Hedonist (personality type) -.11 -.02 -.08
High school class rank 13 .06 .08
Reason for college: Become a more cultured person -.08 (-.03) (-.05)
Felt depressed in high school -.09 -.10 -.11
Self-rating: emotional health -.05 -.04 -.08
1985 career aspiration: research scientist .07 11 .07
College Environments
Merit-based aid 13 (.04) (.05)
Minority Biomedical Research Support .06 21 .09
Faculty perception: Lack of student community .05 (.02) (.03)
Peers: percent majoring in physical science -.07 -.02 -.12
Private university -.03 -.10 -.09
Peers: percent majoring in biological science .09 .01 12
Peers: percent majoring in social science -.04 -.003 -.08
(R=.35)
Completed at least 4 years .08 19 .07
Worked on professor’s research .20 16 .16
Hours per week: using a personal computer -.15 -.03 -.10
Took honors or advanced courses 15 .10 10
Had paper critiqued by instructor -.13 -.07 -.10
Participated ir college internship program -.09 -.09 -.08
Took women'’s studies course - 12 -.09 -.08
Received tutoring in a class 01 .08 .07
Hours per week: studying/homework .06 02 .07

(R=.45)

Notes:  Coefficicnts presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience
variables are thosc listed in the last equation. Cocfficients in parentheses represent those which did not
remain significant.

biological science major. (Special science programs at institutions including the MBRS are
described and discussed in Chapter 11 of this report).

Working on a faculty member’s research project, enrolling in an honor’s program, or having
received tutoring in a class are all positively related to persistence among biological science majors.
The potential positive aspects of involvement reflected in the first two of these activities has been

previously mentioned in Chapter 4.

I College Experiences




l Recruitment into the Biological Sciences
‘ A summary of the results of the regression analysis of recruits is presented in Table 5.10.
Table 5.10
l Bir,'ogical Science Majors-Recruits versus All Others (N=10,741)
Simple
Variable r b ‘ Beta
l Background Characteristics
Scientific orientation .08 .01 .07
Years of biological science in high school .08 .01 .06
' High school GPA .06 .005 04
Expect to change major field choice .05 .006 .03
Reason for college: Preparation for graduate school .06 .007 .03
Leader (personality type) -.02 -.002 -.03
I Father’s career: Doctor .04 .02 .03
Personal goal: write original works -.01 -.006 -.03
Years of computer science in high school -.03 -.004 -.02
l Mother’s career: Engineer .03 13 .03
Status Striver (personality type) -.02 (-.00009) (-.02)
1985 Career aspiration: scientist-practitioner .10 .05 .08
19835 Career aspiration: health professional .08 .06 .07
1985 Career aspiration: undecided .04 .02 04
1985 Career aspiration: farmer or forester .02 (.10) (.02)
I College Environments
Use of written evaluations of students’ coursework .05 .02 .03
Faculty: Diversity orientation -.02 -.01 -.05
| Faculty: Liberalism .03 005 .04
‘ ' Highly structured general education program .02 .002 .03
| (R=.20)
l College Experiences
Worked on professor’s research .08 .02 .06
} Had paper critiqued by instructor -.05 -.01 -.05
; Hours per week: using a personal computer -.05 -.004 -.05
1 Assisted faculty in teaching .05 .01 .04
i Worked on a group project for class -.06 -.01 -.05
- Took a multiple choice exam .01 .01 .04
| l Part-time campus job .04 .01 .03
| Hours per week: exercising .02 .003 .03
| (R=.24)

l Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last cquation. Coefficients in parentheses represent those which did not remain

I significant,

|

|

|
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A number of student background characteristics enter as significant predictors of recruitment.
Students who have a higher orientation toward science (interest in a career as a research scientist or
college science teacher, valuing the goal of making a theoretical contribution to science) at the time
they entered college are more likely to be recruited into study in biology. Recruits, compared to
non-recruits, also have higher high school grades and have more often completed at least two years
of study in the biological sciences. Nonrecruits, by contrast more often report that they will
probably change their major when they enter college.

Parental careers also serve as significant predictors of recruitment into biological science
majors. Students whose fathers are doctors or whose mothers are engineers are more likely than
other students to be among the biology recruits. This points to the continuing influence of parents
as role models.

Finally, the entering career aspirations of students also have a positive effect on recruitment.
Students are more likely to become recruits if they enter college with an interest in pursuing careers
either as science practitioners (doctors, veterinarians, dentists), or as allied health professionals, or
if they are undecided as to their freshman career aspirations.

One particularly interesting aspect of the college environment that influences recruitment into
study in biology is attending colleges which use written evaluations instead of grades to evaluate
students’ work. (This effect was discussed earlier in Chapter 4.) Apparently, written evaluations
encourage study in biology through recruitment rather than through retention.

There were three college experiences positively associated with recruitment into the biological
sciences: working on a professor’s research project, assisting faculty in teaching a class, and
working part-time on campus. Possible explanations for these findings (e.g., as artifacts) have
been previously presented in Chapter 4. The fact that these “intermediate outcomes” are related to
recruitment reinforces the possibility of an artifact since the student would first have to change into

a science major before getting involved in his or her professor’s research.




Summary of Findings

There are interesting trends evident in each analysis which serve to clarify movement to and
from study in the biological sciences during college. Some of these findings demonstrate the
importance of high school preparation in this process. Students who are high achievers in high
school, who take more high school classes in biology, and who are oriented toward the study of
science are most likely both to persist in and to be recruited into study in the biological sciences
while in college.

The entering career aspirations of students also serve as significant predictors of both
persistence and recruitment into study in the biological sciences. Aspiring to be a research scientist
increases the likelihood of persistence in a biology major. At the same time, aspiring to be a science
practitioner (doctor, dentist, veterinarian} or allied health professional enhances the student’s
chances of becoming a recruit into study in the biological sciences.

As with the physical science majors, the student peer environment is important to persistence

among biological science majors. Having many peers in the biological sciences helps students

persist in biological science majors, whereas having many pesrs in either the physical sciences or

social sciences tends to encourage defection from study in the biological sciences. (These findings
are discussed in greater depth in Chapter 4.) Of special interest here is that the mechanisms of peer
group effects operate differently in the biological and physical sciences. Whereas having many
peers majoring in biology enhances persistence in biology majors, having many peers majoring in
the physical sciences tends to enhance recruitment into physical science. This difference may have
to do with the fact that physical science fields attract many more defectors from engineering and

other science fields than do biological science majors.

__ 1
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Engineering Majors
Patterns of Stability and Change in Engineering Majors
In 1985, 2,771 or 10.5% of students in our sample indicated engineering as a probable
major. By 1989 the population indicating engineering as a major had dropped to 1,567 cases or

6.0% of the sample, a loss of 4.5% (see Table 5.11).

Table 5.11
Percent Choosing Majors in Engineering. 1985-1989 _
Percent Percent Change
N 1985 1989 1985-89
Total 26,306 10.5 6.0 -4.5
Men - 10,592 19.5 11.3 -8.2
Women 15,396 4.2 2.2 -2.0

The descriptive data shown in Table 5.11 include all students for whom we had longitudinal
data. (This “maximum” sample was also used in the descriptive analyses reported 1 Chapter 3.)
Subsequent analyses of engineering majors reported below use the more restricted sample, with no
institution contributing more than one percent of the cases. For this reason, the aggregate figures
from these multivariate analyses may deviate slightly from the data shown in Table 5.11.

Engineering as a major shows a somewhat greater stability rate (43.9%) compared to
physical sciences (35.2%) and biological science (36.3%). Nonetheless, more than one half of the
students who initially planned to r »}or in engineering changed their majors into different fields.

One fourth of students who defected from engineering majors chose business as their major.
A little over one-fifth chose social sciences, history or political science while another fourth chose
physical sciences or other technical majors. Examining the initial majors of students who were
recruited into engineering, aimost one-half (47%) came from the natural scieﬁces and from other
technical fields and another fourth came from business and from students who were undecided

about their probable major (see Tables 5.12 and 5.13).
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While this brief analysis describes in global terms the overall losses and changes with respect
to majors in engineering, the analyses that follow were undertaken in order to id;nﬁfy factors that

differentiate between the group of persisters, defectors and recruits.

Table 5.12
Five Top Initial Major Field Choices for Students Recruited into Engineering Major
(N=268)

Major field Percentage
Other technical fields 21.5
Physical Sciences 19.8
Undecided 14.0
Business 6.4
Biological Sciences 5.8
Table 5.13
Five Top Major Field Choices for Defectors from Engineering Major
(N=758) = _
Major field Percentage
Business 23.5
Social Sciences 13.9
Physical Sciences 13.3
Other technical fields 11.3
History/Political Science 7.1
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Descriptive Characteristics of Persisters, Defectors, and Recruits

Examining the racial composition of the three groups we find that among recruits there are
higher proportions of whites and Asian Americans, while among defectors there are higher
proportions of black students (see table in Appendix C).

Defectors tend to achieve lower grades in both high school and college as compared to
persisters and recruits. On the other hand, recruits tend to be somewhat higher achievers based on

grades than are the persisters. Also, recruits tend to have higher degree aspirations than either

defectors or persisters.

Looking at the academic progress as reflected in degree completion four years after
matriculation, we find that 63% of persisters had received BA degrees compared to 50% of recruits
and 60% of defectors. The lower rate of degree completion for recruits (p<.01) is understandable,
considering the fact that making up for required courses in a major such as engineering is bound to
take longer for students who started college in other majors.

Examining the transfer patterns or interruptions, we find that defectors indicate a significantly
higher rate of such behaviors than either of the other two groups (21% of defectors compared to
9% of persisters and 17% of recruits). Reasons for such interruptions or transfer follow expected
explanations—change in career plans and not doing well acadernically. Both reasons were
endorsed by higher proportions of defectors than of recruits (42.9% and 27.3%, respectively).

Interestingly enough, what characterizes the recruits more so than the defectors is a sizeable
career indecision as they begin college: 27% (versus 12% of defectors) indicate a high likelihood of
changing their career plans and 28% (versus 13%) indicate expectations of changing their majors.

With respect to behaviors in college, defectors tend to be more involved than either persisters
or recruits in political activities (discussing politics, participating in demonstrations), to take ethnic
studies courses and to attend racial awareness workshops. (These latter two variables could well be
the result of changing majors rather than a cause of such a change.)

In a self-assessment involving personal traits, fewer of the defectors than persisters rate

themselves high in mathematical abilities (77% compared to 93%). Defectors also differ from

5-24

i11




-

persisters with respect to their life goals at the time of college entry, having a stronger “other” or
humanistic orientation. That is, higher proportions of them are interested in helping others in
difficulty, in influencing the political structure and social values, in involving themselves in
community action programs and in promoting racial understanding.

With respect to expected careers at the time of college entry, recruits tend to indicate
Business, Medicine, and Research Scientist as expected careers more often than do either the
persisters or the defectors. Also, as might be expected, a much higher proportion of recruits are
undecided about their expected careers.

There are also differences among the three groups when it comes to reasons they give for
their career choice at the time of the follow-up. Defectors are mere likely to be attracted to careers
that may enable them to work with people and to have freedom of action in their work. On the
other hand, persisters more often indicate “job opportunities” and “financial benefits” as reasons
for their choice. Not surprisingly, recruits and persisters are similar in the reasons they give for

thelr career choices.

Factors Involved in the Persistence, Defection and Recruitment of Engineering
Majors

As with biological science majors and pvhysical science majors, separate regression analyses
were performed of (a) persisters and defectors and (b) recruits and all other choices of major field
of study. The analysis for ‘recruits’ was run separately for men and women as well, since gender

entered the regression equation in the analysis of recruits versus all other majors.

Persisters Versus Defectors in Engineering

Table 5.14 lists the variables that entered the equation with significant weights. Those in
parentheses are variables that were not significant in the final solution. The variables are listed in
sequence: input, environmental, intermediate outcomes.

Many of the input characteristics are the same as those found in the overall analysis
(Chapter 4). Students who persist, compared to those who defect, have higher scores on SAT

Math and had earned higher grades in high school. Having a father who is an engineer also
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predicts persistence in an engineering major, as does having an SEOG (Supplemented Educational

Opportunity Grant) while in college. With respect to curricular matters, attending an institution

with a “major dominated” general education curriculum enhances persistence. This is
g

understandable, since being immersed in engineering courses with few other course requirements

reinforces one’s competencies and interest in engineering. While these five variables emerged as

predictors of persistence, there are a number of other variables that describe students who are more

likely tc defect.
Table 5.14
Engineering Majors—Persisters versus Defectors (N=1094)

Simple
Variable r b Beta
Background Characteristics
SAT-Math 23 .00078 15
Uncommitted (personality type) -.16 -.03 -.14
High school grades .20 .05 12
Leader (personality type) ‘ -.10 -.02 -.08
Father’s career: Engineer 11 10 .08
Reason for college: Become a more cultured person -.10 -.05 (-.07)
Reason for college: Parents’ expectations .03 04 (.05)
1985 career aspiration: other -.08 -.13 (.07)
College Environments
Suppiementary Educational Opportunity Grant .08 15 .08
Faculty: time spent teaching & advising -.29 -.17 -.29
Major-dominated general education program .02 .28 .14
Faculty: percent teaching interdisciplinary courses -.02 .00 -.10
Faculty: percent with PhDs .10 -.01 -.11
(R=.44)
College F eriences
Completed . least 4 years of college 13 .02 (.01
Took an essay exam -.41 -.19 -.26
Took a multiple choice exam -.32 -.15 -.21
Worked on a group project in class .23 15 21
Took ethnic studies course -.24 -.13 -.10
Part-time off-campus job -.11 -.07 -.07
Had a paper critiqued by an instructor -.25 -.06 -.07
Left school or transferred -.21 -.09 -.07
(R=.65)

Notes:  Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience
variables are those listed in the last equation. Coefficients in parentheses represent those which did not

remain significant.
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It appears that uncommitted students (that is, students who at the time of matriculation
indicated that they might change their career plans and majors, or that they might drop out or
transfer) were more likely to defect from éngineering. Also, students who scored nigh on
Leadership (a personality measure reflecting self-ratings on leadership ability, popularity, and
social self confidence) were more likely to defect. Defection is also precipitated by attending
institutions where many faculty hold Ph.D.s, teach interdisciplinary courses, and spend a lot of
time teaching and advising undergraduates. Institutions that are characterized by such qualities
include selective institutions, private universities, and small selective liberal arts colleges. In all
likeliho’od, such institutions have relatively weak engineering programs.

Looking at the intermediate set of variables, most can be explained as gonsequences rather
than causes of persistence or defection: persisters more often work on group projects while in
college, while defectors more often take ethnic studies courses. However, the fact that defectors
are more likely to have part-time jobs off campus may be of policy significance: off-campus work
tends to isolate the student from the steadying peer influences of like-minded (e.g., engineering)

students,

Recruitment into an Engineering Major

Students who are recruited into an engineering major, compared to non-recruits, have higher
SAT Math scores, more often use personal computers and participate in science contests, and have
stronger Scientific Orientations. Scientific Orientation is a measure reflecting the students interest
in a career as a college teacher or research scientist and in the life goal of “making a theoretical '
contribution to science.”! Since some recruits also express an interest in careers in engineering as
entering freshmen, they must have been “undecided” as to which particular field of engineering
they would eventually choose as a major. Such a finding reinforces the argument that many
freshmen who say they are undecided about a major but later become SME recruits are in fact

already committed to science when they first enter college.

1 See Chapter 2 for details about the development of faclor scores.
5-27

114




On the other hand, students are less likely to be recruited into engineering if they are women,
have a hedonistic orientation (e.g., engage in party-type behaviors such as smoking, drinking,
etc.), or have taken a lot of biological science classes while in high school.

Looking at the kinds of colleges these students attend and the kinds of experiences that
influence their interests and their ultimate recruitment into engineering we observe the following:
the student’s chances of becoming a recruit are increased by attending a four year public college or
an institution with a high percentage of peers majoring in either engineering or business. The
percent of peers majoring in engineering is by far the most potent factor encouraging recruitment,
even though this peer group measure does not affect persistence. An identical pattern was found
with choosing a physical science major and the percent of peers majoring in physical science:
recruitrnent, but not retention, is positively affected by peers.

Students’ chances of becoming engineering recruits are reduced by attending large
institutions, private universities, and institutions with high expenditures for student services. It
may be that such institutions present the students with a great variety of competitive courses and
majoring options. As far as intermediate outcomes are concerned, recruits indicate that they work
in group projects while in college, spend a great deal of time studying and doing homework, work
full-time and have received tutoring. Full-time work may reflect internship-type experiences in
organizations or settings that involve experiences with engineering or applied science. Also, group
projects appear to be a common experience among students majoring in engineering.

Tutoring may have been essential to students who decided to shift into engineering from
other majors, since they probably had not taken the necessary course sequence, and may have
needed assistance in overcoming deficiencies or lack of essential preparation.

Students who work many hours or work for pay or do volunteer work while in college, on
the other hand, are less likely to become recruits into engineering. The negative correlation of
hours spent working for pay is puzzling, given the positive correlation of full-time work (above).
Could it be that “full-time” work was not paid work, but rather some kind of internship as

suggested above? Clearly, this apparent contradiction needs further study.
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Table 5.15
Engineering Majors—Recruits versus All Others
' (N=11,139) _
Simple
Variable r b Beta
l Background Characteristics
SAT-Math 12 .00005 05
Gender: female -11 -01 -04
' Scientific Orientation .08 .00 03
Social Activist -04 -.00 (-.02)
Used personal computer in high school .06 .00 02
Hedonist (personality type) -.03 -.00 -03
l Father’s carver: Engineer .03 .00 on
Participated in high school science contest .06 .01 .03
Years of biological Science in high school -03 -.00 -03
i Reason for College: Get a better job .02 .00 01)
Science preparation in high school 07 00066 01)
1985 Career aspiration: engineering 36 .36 31
1985 Career aspiration: cther .00 .01 02)
l Coilege Environments
Grant from the college -.02 -00 (-01)
Faculty: percent in science .20 .00016 (01)
l Faculty perception: resources & reputation emphasis 14 .01 .08
Faculty: Humanities orientation -12 -.00 (-01)
Faculty perception: Lack of student community .05 .00 (01
Faculty: colleagues are a source of stress -.07 -.02 (-02)
Faculty: percent teaching interdisciplinary courses -00 .00015 (.01)
Faculty: liberal political orientation -.01 .00 (01
Peers: percent majoring in engineering 26 .00 17
l Public four-year college 05 .03 .09
Total enrollment .09 -01 -07
Percent expenditures on student services -.10 -.00 -.05
Peers: percent majoring in agriculture -.01 -.00 -03
l Private university .04 -01 -04
Peers: percent majoring in Business -.05 .00030 04
(R=.44)
' College Experiences
Completed at least 4 years of college -.04 -.01 -02
Took an essay exam -13 -.02 -.09
’ Took a multiple choice exam -.07 -01 -.08
Worked on a group project in class .05 .02 .08
Gave a class presentation -06 -01 -04
Hours per week: studying/homework .06 .00 03
. Had a paper critiqued by an instructor -09 -.01 -03
Participated in college internship program .01 .01 .03
Full-time job .03 01 03
Hours per week: working for pay -.04 -.00 -.03
Received tutoring .02 .01 02
Hours per week: volunteer work -04 -.00 -02
' (R=46) e ——————
Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
' significant.
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Since women are less likely than men to be recruited into engineering, we proceeded with
separate analyses for women and men. Those analyses were done in order to get a better sense of
what special factors might potentially help in the recruitment of women into engineering (see
Tables 5.16 and 5.17).

It appears that women with high SAT-M and early career interests in engineering wer. more
likely to be recruited into engineering majors later on if they also attended public four year
institutions with large numbers of students graduating in engineering and in business. Also, using
personal computers while in college and receiving tutoring were experiences that played a role in
enabling female students with early competencies in math and science and appropriate interests to

consider majoring in engineering later on.

Summary of Findings

The analysis of persisters, defectors, and recruits into engineering majors suggest that both
early student characteristics and college experiences play a role. Math ability and a scientific
orientation early on characterizes both persisters and recruits. However, students who may start in
engineering but who seem to be uncertain about their interest and commitment to such a major and
who at the same time show social and leadership qualities are less likely to persist.

Students who indicate an interest in engineering and attend a college or university which has
an engineering focus, and where large numbers of students are majoring in and graduating from
engineering, are more likely to persist. In other words, peers with similar interests seem to
reinforce one’s early choices in engineering.

The three most potent environmental factors affecting the recruitment of women into
engineering are also the most potent factors for men: the percent of peers majoring in engineering,

the percent of faculty in science fields, and attending a public four-year institution.
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Tabie 5.16

Engineering Majors-Recruits versus All Others--Men

(R=.51)

(N=4,003)

Simple
Variable r b Beta
Background Characteristics
SAT-Math .13 .00013 .08
Scientific orientation .09 .01 .04
Uncommitted (personality type) -.04 -.01 -.04
Reason for college: Get a better job .04 01 (.00)
Used a personal computer in high school .08 01 .04
Father’s career: Engineer .06 .02 (.02)
SAT-Verbal .05 -.00010 -.05
Years of physical science in high school .08 -.00 (.02)
1985 Career aspirations: engineering .38 .39 33
1985 Career aspirations: other .02 -.02 (.03)
College Environments
Living on campus -.03 -.02 -.04
Faculty: percent in science 22 -.00020 (-.01)
Faculty perception: resource & reputation emphasis A8 .01 .07
Faculty: Humanities Orientation -.16 .00 (.01
Peers: percent majoring in engineering .30 .00 .19
Public four-year college .07 .04 .06
(R=.46)
College Experiences
Completed at least 4 years of college -.06 -.08 -.09
Completed at least 3 years of college -.00 .07 .06
Took an essay exam -.19 -.04 -11
Took a multiple choice exam -.09 .03 -11 .
Worked on a group project in class .08 .03 11
Gave a presentation in class -.09 -.02 -.06
Participated in college internship program .02 .02 .05
Had a paper critiqued by an instructor -.12 -.02 -.05
Hours per week: studying/homework .09 .00 .04
Hours per week: working for pay -.06 -.00 -.05
Full-time job .03 .03 .05

Notes: Coefficients presented for background characteristics and cotlege environmental expericnces are those listed

after all environmental variables entered the regression equation. Coefficients for college experience variables

are those listed in the last equation. Coefficients in parentheses represent those which did not remain

significant.
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l Table 5.17
Engineering Majors—Recruits versus All Others--Women
(N=7,136) -
I Simple
Variable r b eta
l Background Characteristics
SAT-Math .08 .00003 .04
Scientific orientation .05 .00 (.03)
' Race: Puerto Rican .04 .02 (.01)
Social Activist (personality type) -.03 -.00070 (-.02)
Intellectual self-esteem 06 .00055 (.03)
l 1985 Career aspirations: engineering .25 .24 21
College Environments
Faculty: percent in science 15 .00027 (.03)
. Faculty: Humanities Orientation -.09 -.00 (-.04)
Faculty: colleagues are a source of stress -.06 -.02 -.03
Faculty perception: resource & reputation emphasis .10 .00 .08
l Faculty: percent teaching interdisciplinary courses 01 .00015 (.03)
Faculty: positive administrative environment -.08 .0007 (.01
Faculty: percent involving students in research .05 -.00012 (-.01)
Peers: percent majoring in Engineering .20 .00 15
l Public four-year college .04 .03 15
Peers: percent majoring in agriculiure -.02 -.00 -.05
Total enrollment .05 -.00 -.11
i Peers: percent majoring in math/statistics -.01 -.00 -.04
Percent expenditures on student services -.07 -.00 -.07
Peers: percent majoring in education -.05 -.00060 -.06
Private university .03 -.01 -.04
l Peers: percent m;ajoring in business -.03 .00019 .04
I (R=.34)
Coliege Experiences
Worked on group project in class .04 .01 .05
l Took an essay exam -.06 -.01 -.06
Hours per week: using a personal computer .04 .00 .03
Took a multiple choice exam -.03 -.00 -.04
' Received tutoring .02 .01 .03
(R=.37)

' Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain

' significant,
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RESEARCH SCIENTIST CAREER

This section presents the patterns of persistence, defection, and recruitment into careers in

scientific research and reviews the factors that differentiate these three groups of students.

Patterns of Stability and Change

Table 5.18 shows men’s and women’s interests in the scientist career upon college entry, as
well as four years later. Interestingly, there is a slight net increase in interest in scientific careers
(+0.4) during the four years of college. Men exhibit initially greater interest in becoming scientists
than do women (4.1%, as compared to 2.7% for women), and the net increase of men’s science
career aspirations is slightly greater than it is for women.

The descriptive data shown in Table 5.18 include all students for whom we had longitudinal
data. (This “maximum’” sample was also used in the descriptive analyses reported in Chapter 3.)
Subsequent analyses of Research Scientist Career reported below use the more restricted sample,
with no institution contributing more than one percent of the cases. For this reason, the aggregate

figures from these multivariate analyses may deviate slightly from the data shown in Table 5.18.

Table 5.18
Percent choosing Research S cienﬁst Career: 1985-1989 o
Percent Percent change
N 1985 1989 1985-1989
Total 26,306 3.3 3.7 +0.4
Men 10,592 4.1 4.8 +0.7
Women 15,396 2.7 2.9 +0.2

Among the students who aspire to scientific careers upon college entry, 37.1% persist in
these aspirations throughout the next four years. Table 5.19 describes the career choices cited by
defectors from research scientist careers. The most popular career choice of defectors is business,
followed by “other,” elementary or secondary school teaching, engineering, and undecided.

Interestingly, a full 72.3% of students choosing scientific careers four years after entering college
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have been recruited from other fields. Among recruits into scientific careers (Table 5.20), a large
proportion were initially undecided about their freshman career aspirations (21.6%), while many

others were recruited from career interests such as medicine, engineering, “other,” and computer

programming.

Table 5.19

Five top career choices for defectors from Research Scientist Career
(N=338)

Career Choice Percentage
Business o 14.4
Other 13.8
Education 13.2
Engineer 8.4
Undecided 7.2
Table 5.20

Five top initial carcer choices for recruits to Research Scieniist Career
(N=519)

Career Choice Percentage
Undecided 21.6
Physician 21.4
Engineer 16.2
Othe. 7.8
Computer Programmer 5.4

Descriptive Characteristics of Persisters, Defectors, and Recruits

Persisters are ruch more confident in their initial career decisions than are defectors or
recruits; only 11.1% of persisters thought that they were very likely to change their career choice
during college, as compared to 24.0% for recruits, and 20.9% for defectors.

Persisters also have much higher high school grades than either recruits or defectors. Upon
entry to college, persisters rate themselves slightly higher than recruits and defectors in academic
ability, artistic ability, mathematical ability, and writing ability, and rate themselves the lowest in
social self-confidence. Four years later, the only significant changes are that defectors become

much less confident in math, and that all three groups become more confident in their writing

ability and social skills.
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Although defectors from the research scientist career category report the lowest levels of
satisfaction with science and math courses in college, they are nevertheless satisfied with these
courses (80.4% are satisfied or very satisfied).

Science persisters and recruits .re much more likely than defectors to plan to attend graduate
school immediately after four years of college, while defectors are more likely to plan to remain in

college or work full-time.

Factors Involved in the Persistence, Defection and Recruitment of Research
Scientists

Persisters versus Defectors in Research Scientist Careers

Table 5.21 Iists the variables associated with persistence of research scientist career
aspirations, as well as the simple correlations, standardized and unstandardized regression
coefficients for each variable with respect to the dependent variable. Among students who begin
college with the intent of becoming scieniisis, women are significantly less likely than men to
aspire to be scientists four years later. Hedonistic students (i.e., those who drink and smoke and
who spend greater amounts of time “partying” and staying up all night), are less likely to maintain
their interest in science as a career four years later. This result is consistent with Astin’s (1993)
finding that students with “hedonistic” tendencies are less likely to choose careers which are
academically demanding.

Students placing a high priority on raising a family are less likely to persist towards careers
as research scientists. Perhaps realizing the intense time commitment that science careers demand,
as well as the time that would need to be spent in graduate programs, family-oriented students
become less interested in pursuing science careers.

Having a mother who is a research scientist enhances persistence towards a career as a
scientist. Clearly, having a mother to act as a career role model cun influence students’ persistence
in and commitment to science.

SAT Verbal scores are also positively related to persisience towards careers in science.
However, intending to major in engineering reduces students’ chances of still planning to be

scientists four years later. In all likelihood this represents the 8.4% of defectors who choose
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Table 5.21
Research Scientist Career: Persisters versus Defectors
(N=435) ,

Simple
Variable T b Beta
Background Characteristics
Gender: female -.15 -.16 -.17
Hedonist (personality type) - -.14 -.05 -.16
Personal goal: raise a family -.13 -.07 -.14
Mother’s career: Research scientist .14 .58 .13
SAT-Verbal .14 .00023 13
Intended major: engineering -.16 -5 -.17
(R=.36)
College Experiences
Worked on professor's research project .32 .28 .29
Fraternity/sorority membership -.17 -.21 -.18
Had a paper critiqued by an instructor -.17 -.11 -.16
Part-time off-campus job -.16 -.14 -.14
Assisted faculty in teaching .18 .14 .14

(R=.56)

Notes: Coefficicnts presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
significant.

engineering as a career four years later. As discussed earlier, this finding probably reflects the

competition for students which exists between engineering and the sciences on many college

campuses.

No college environments enter as significant predictors of persistence of research scientist
career aspirations. College activities positively associated with persistence towards the scientist
career are working on a professor’s research project and assisting faculty in teaching a course.
Involvement measures negatively associated with persistence include joining a fraternity or
sorority, having a paper critiqued by an instructor, and holding a part-time off-campus job. While
most of these measures may be artifacts of persistence in or defection from science career interests,

there may be greater significance in the relationship between holding a part-time job off campus

and defection from science. Given the time commitment required to succeed in the sciences,
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students spending more time working off-campus have less time to devote to the demands of

college science programs.

Recruitment into Research Scientist Careers

A number of background characteristics with positive effects on recruitment into science
careers are associated with scientific preparation and training (Table 5.22). Having a strong
scientific orientation, having high SAT Verbal scores, taking many physical science courses in high
school, coming to college to prepare for graduate school, and qualifying for the Scholar typology
are all positive predictors of recruitment into careers in scientific research. However, this finding
is likely explained by the fact that over 45% of all scientist recruits came from science-related
fields, where students are already likely to have a strong science background.

Two personality measures are negatively associated with recruitment into scientific careers:
Status Striver and Leader. Those students who desire financial success or high status jobs, as well
as those who exkibit leadership qualities, are unlikely to be recruited into science during college.
The Uncommitted personality measure enters as a positive predictor of persistence, although this
effect can most likely be explained because expecting to change career choice is a component of
this measure.

As has been shown with other career outcomes, parents’ careers can have a positive influence
on their children’s career aspirations. Having a mother who is a research scientist and having a
father who is either a research scientist or a college teacher all have positive effects on recruitment
into scientific careers. In addition to having parents who are career role models, students with
parents in research careers are likely to receive individualized mentoring and encouragement that
may be necessary to recruit students into science.

Similar to the effects found with persistence of science career aspirations, placing a high
priority on raising a family is negatively associated with recruitment of scientists. Again, the
preparation and time commitment that is demanded of scientists may deter many students who

place a high value on raising a family.
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Table 5.22

Research Scientist Career: Recruits versus All others

!§=1157982

(R=.31)

Simple
Variable r b Beta
Background Characteristics
Scientific orientation 14 .03 10
SAT-Verbal .09 .00002 .03
Status Striver (personality type) -.05 -.00071 -.04
Religious preference: none .08 .04 05
Mother’s career: Research scientist .05 17 .04
Reason for college:

Preparation for graduate school .07 .01 .03
Uncommitted (personality type) .05 .0008 .08
Scholar (personality type) .10 .0007 .04
Father's career: College teacher .06 .04 .03
Leader (personality type) -.03 -..00 -03
Political orientation: liberal .05 .01 .03
Years of physical science in high school .07 (.00) .02)
Race: Asian American -.00 -03 -.03

- Personal goal: raise family -.06 -00 -03
Personal goal: write original works .01 (-.00) (-.02)
Father’s career: Research scientist .04 (04) (.02)
Intended major: biological scierce 12 .06 .09
Intended major: physical science .10 .07 .08
College Environments
Need-based aid .04 .02 .04
Supplementary Educational

Oppertunity Grant -01 -.02 -.02
Written evaluations of students’ coursework .07 .03 .03
Faculty: Student Orientation .03 .0010 .03
(R=.25)

College Experiences

Worked on professor's research project A7 .06 12
Took honors or advanced courses .10 .01 .04
Worked on a group project in class -07 -01 -04
Participated in college internship program -.05 -.02 -04
Assisted faculty in teaching .08 .02 .03
Did independent research project .09 .01 .03
Hours per week: voluntecr work -.02 (-.00) (-.02)
Took ethnic studies course -.01 -01 -03
Took remedial/development courses -.04 -.02 -.03
Hours per week: talking with faculty

outside class .05 .01 .03
Hours per week: using a personal computer .01 -.00 -03
Hours per weck: hobbies -03 -.00 -.02
Hours per week: attending religious services -.05 -.00 -03
Fraternity/sorority membership -.05 -.01 -.02

Notes: Coefficients presented for background characteristics and college environmental expericnces are those listed

after all environmental variables entered the regression equation. Coefficiznts for college experience variables

are those listed in the last equation. Cocfficicnts in parentheses represent those which did not remain

significant.
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As would be expected, students majoring in biological or physical sciences are more likely to
be recruited into science careers.

Students’ chances cf being recruited into a research career are increased by attending
institutions which utilize written evaluations in grading and where the faculty are perceived as
being student-oriented. Both of these measures suggest a féculty that is closely involved with
student learning. Institutions which emphasize a student orientation also appear to be slightly more
successful in recruiting students into scientific careers.

Working on a professor’s research project and working on an independent research project
are both positively associated with recruitment into science careers. While these findings may be
artifacts (students who ultimately choose science careers are more likely to have received research
opportunities in college), perhaps getting hands-on research experience, as well as guidance from a
professor, may be helpful in recruiting students into scientific research. The problem, of course, is
that one needs first to take science courses in order to respond positively to such items.

Enrolling in an honor’s program, assisting faculty in teaching a course, and the hours per
week spent talking with faculty outside class are also positively related to science career
recruitment. However, even after controlling for students’ ability and preparation, students who
have taken remedial/developmental courses are less likely to be recruited into science. Perhaps
such college remedial programs place less emphasis on recruitment into the sciences than on
helping students “catch up” in their academic preparation.

The remaining involvement measures associated with science career recruitment are probably
the rgsult of having science interests, rather than the cause. After controlling for the effects of all
input, environmental, and involvement measures, the following variables are negatively associated
with recruitment: hours per week spent using a personal computer, working on hobbies, attending
religious services or meetings, and doing volunteer work, joining a fraternity or sorority, enrolling
in an ethnic studies course, working on a group project for class, and participating in an internship

program.
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Gender Differences in Persistence

Since gender entered the regression analysis predicting recruitment, we ran separate analyses
for women and men. What we found was the variables that predict persistence in research scientist
careers for men and for women are very different. The two background characteristics that enter
the equation for men (hedonist and engineering major) were both negatively related to persistence
(see Table 5.23). That be’ag an engineering major is negatively related to persistence in research
scientist careers is not hard to explain. Many people who enter as engineering majors also express
a desire to become research scientists or science teachers in universities. Since the engineering
program is so specialized and concentrated at most institutions, the longer these students stay in an
engineering program, the more likely they may be to decide that they are going to pursue careers in
engineering rather than become research scientists. It is also possible that the peer environment in
engineering programs is not a welcome environment for students who want to go into teaching
and/or research, since most‘ of the students in these programs are likely to be more applied in their
orientation.

For women the situation is a little different. Entering college because one wishes to become a
more cultured person is a positive predictor for persistence in the research scientist career (Table
5.24). Yet, scoring high on the personality type “social activist” is negatively related to persistence
in this career field for women. Apparently, women who are interested in becoming research

scientists are not likely to be involved in social activism.

Table 5.23

Research scientist career: Persisters versus defectors--men (N=213)

Variable Simple r b Bela
Background Characteristics

Hedonist (personality type) -.18 (-.04) (-.15)
Intended major: engineering -22 -47 -21
College Experiences

Worked on professor’s research 28 24 24
Had class paper critiqued by instructor 24 -.15 -21
Part-time off-campus job -20 -.19 -19
Tutored another student .16 .14 .18
(R=51)

Notes: Coefficients presented for background characteristics are those listed after all environmental variables entered the
regression equation. Coefficients for college experience variables are those listed in the last equation.
Cocfficients in parentheses represent those which did not remain significant.
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Table 5.24

Research scientist career: Persisters versus defectors--women (N=222)

Variable Simple r b Beta

Background Characteristics

Reason for college: Become 20 .15 .20
more cultured

Activist (personality type) .30 -.04 -19

College Experiences

Worked on professor’s research 43 .28 .20

Fraternity/sorority membership 48 -25 -22

(R=48)

Notes: Coefficients presented for background characteristics are those listed after all environmental variables entered the
regression equation. Coefficients for college experience variables are those listed in the last equation.

No environmental variables entered into the equation for either women or men. However,
some involvement variables did enter. Interestingly, having worked on a professor’s research
project enters positively for both women and men. This is a theme that has been recurring
throughout these analyses. Obviously, the importance of students being actively involved in the
educational process as well as being involved with faculty is not to be overlooked in the efforts to
retain more science students. For women, having been a member of a sorority is a negative
predictor of persistence in research scientist careers. For men, having tutored another student is
positively related to persistence. Yet, having held a part-time job off campus is a negative predictor
of persistence in research scientist careers. It is obvious that the level of academic and social

integration in an institution is important for women and for men.

Summary of Findings

Men are initially more interested in scientific research careers than are women, and are more
likely to persist in their science career plans. Students who defect from scientific research career
aspirations gravita;e towards business, education, and engineering. The majority of students who
are recruited into scientific research are those who originally aspired to be physicians, engineers,
and computer programmers, or who were initially undecided about their career aspirations.

Persisters exhibit less career ambivalence and greater academic ability and academic self-
confidence than do defectors. Students who place a priority on raising a family are less likely to

persist with their research scientist career aspirations. Once again the effect of a parent’s career is a
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positive on persistence in science. Students with mothers who are research scientists are more
likely to maintain their interest in this career field.

Interestingly, while coming to college to become “more cultured” was negatively related to
persistence among aspirants for engineering careers, this measure is positively related to
persistence in scientific careers for women. Perhaps these women do not envision careers in
scientific research as interfering with cultural pursuits. However, women who express an interest
in social activism are less likely to maintain their initial scientific aspirations.

Among college activities promoting persistence of the research scientist career, working on a
professor’s research project is positively related to persistence, while holding a part-time job
decreases one’s chance of persisting in this career category.

Because nearly half of the students who are recruited into research scientist careers come
from other science fields, and another 21.6 percent are from the ranks of the undecided (many of
whom were no doubt undecided merely about which science-related career they wanted to pursue),
the findings for recruits represent more of a transfer between scientific fields. As with persisters,
recruits have greater academic ability and scientific preparation than non-recruits. Those students
with parents in scientific or research careers are also more likely to be recruited into scientific
research. We also find that having a family orientation is once again negatively related to
recruitment.

Contrary to what was found for recruitment into engineering, an institution’s student-
orientation is positively related to recruitment into scientific careers. Additionally, gaining research
experience and interacting with faculty are positive correlates of recruitment into scientific research.

Overall, students who either persist towards scientific research careers or are recruited into
these careers share many of the same qualities. Both persisters and recruits tend to have strong
high school preparation in science and exhibit high academic ability. Persisters and recruits both
are apparently influenced by the high expectations of their parents, or by the scientific careers that
their parents may have. Finally, persistence and recruitment into scientific careers is related to

greater involvement with college faculty and through gaining hands-on experience with research.
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While these last findings may indeed be artifacts (the result of being a persister or a recruit), they
also raise the interesting possibility that the student’s interest in a science career can be enhanced

through such experiences.
SCIENCE PRACTITIONER CAREER

Patterns of Stabilitv and Change

In order to be categorized in a science practitioner career, a student must aspire to a career as
a physician, dentist, veterinarian, pharmacist, optometrist, or clinical psychologist. In 1985
11.8% of the students in our sample reported that they aspired to careers as science practitioners.
By 1989, that figure had dropped to only 5.8% — a toial loss of more than half of the students
aspiring to such careers. Of all the science-related career fields, the science practitioner field lost
the highest percentage of students. Of those students who leave this career field, 55.6% end up in
non-science fields. Of those who remain in the sciences, 1.2% move into engineering careers and
6.1% aspire to careers as scientific researchers or college teachers. A higher percentage of women
than of men start out aspiring to careers as science practitioners (12.2% and 11.3% respectively).
However, a higher percentage of women drop out of this career category by 1989: women
experience a net loss of 6.4% whereas men lose 5.4% of the students in this career field

(see Table 5.25).

Table 5.25
Percent Choosing Practitioner career: 1985-89 :
Percent Pergent change
N 1985 1989 1985-1989
Total 26,306 11.8 5.8 -6.0
Men 10,592 113 5.9 -5.4
Women 15,396 12.2 5.8 -6.4

The descriptive data shown in Table 5.25 include all students for whom we had longitudinal
data. (This “maximum” sample was also used in the descriptive analyses reported in Chapter 3.)
Subsequent analyses of science practitioner career reported below use the more restricted sample,
with no institution contributing more than one percent of the cases. For this reason, the aggregate

figures from these multivariate analyses may deviate slightly from the data shown in Table 5.25.
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The majority of students who start out with career aspirations as scientist practitioners aspire
to careers as physicians. In fact, persisters are more likely to have initial career aspirations as

physicians than are defectors (74.3% and 57.5% respectively). A large percentage (20.9%) of

- those who defected from this career category started out aspiring to careers as clinical

psychologists. It is possible that some students who start out planning to become clinical
psychologists end up aspiring to careers in research, education or other types of counseling
careers.

Tables 5.26 and 5.27 provide a more detailed view of where students are recruited from and
to which fields they defect. Table 5.26 shows the initial aggregated career choices of recruits. Of
those who are recruited into the science practitioner career category, a high percentage (31.9%)
start out undecided about what their careers will be. Of the recruits, 16.1% aspired to “other ﬁelds”
such as computer programing, social work, and foreign service (diplomatic careers) as freshmen.
Others (6.9%) come from science-oriented health occupations, such as lab technicians and
dieticians. Some recruits also initially aspire to careers in engineering (6.9%), the arts (4.5%), and

business (8.7%).

Table 5.26

Top six_]initial career field choices for recruits to science practitioner career
(N=367)

1985 Career choice Percentage

Arust 4.5

Engineer 6.9

Health professional 6.9

Business 8.7

Other choice 16.1

Undecided 31.9

Table 5.27 looks at what career fields students defected to in 1989. Of those students who
defect from the science practitioner category, a large percentage go into business (21.1%) or into
law (8.9%). The next largest proportion of the defectors change their career choice to elementary
or secondary education (12.5%). Many of these may not really be entirely “lost” from science,

especially if they plan to teach in a science related field. Still others choose to become research
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Table 5.27

Top five final career choices for defectors from science practitioner career
(N=1,168)

1989 Career choice Percentage

Lawyer 8.9

Research scientist 9.9

Education (secondary and primary) 12.5

Business 21.1

Other choice 21.1

scientists (9.9%). A high percentage of defectors choose careers classified as “other,” such as

computer programming, careers in the military, and in social work.

Descriptive Characteristics of Persisters, Defectors, and Recruits

Students who persist in the science practitioner career choice tend to be better prepared
academically upon entrance into college than either defectors or recruits. Persisters are more likely
to have taken two or more high school courses in physical science (79.8%) and biological science
(62.1%) than are defectors (70.7% and 57.8% respectively) or recruits (65.7% and 48.3%
respectively). Persisters are also more likely to have attained an “A” average in high school than
are defectors or recruits.

Persisters and defectors tend to have higher educational aspirations upon college entrance
than do recruits. In 1985 a high percentage of persisters and defectors aspired to doctoral degrees
(92.7% and 80.5% respectively) compared to recruits (53.9%). However, by 1989 part of the
pattern is reversed as recruits greatly surpass defectors in their aspirations for doctoral degrees
(82.6% for recruits and 44.1% for defectors); the initially high aspirations among persisters
remains stable at 92.1%.

Persisters tend to have a more positive self-concept relative to defectors and recruits. They
tend to rate themselves higher on academic ability, artistic ability, drive to achieve, emotional
health, leadership ability, mathematical ability, intellectual self-confidence, and writing ability.
Persisters are more likely to say that they expect to be satisfied with their college experience. They

are also more likely to expect to graduate with honors and to make at least a “B” average in college.
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In the follow-up, persisters are also more likely than defectors to report being satisfied with their

college experiences.

Factors Involved in the Perszstence, Defection and Recruitment of Science
Practitioners

Persisters versus Defectors in Science Practitioner Careers

Most of the student background caaracteristics which are related to persistence in the science
practitioner career category have 1o do with studeﬁts’ high school preparation in science and their
commitment to scholarly pursuits (Table 5.28). Thus, the typology factor “Scholar,” SAT math
scores, and aspirations for graduate school were all relatively strong predictors of persistence.
Having a father who is a doctor also predicts persistence in career aspirations to be a science
practitioner. As mentioned in Chapter 4, this relationship highlights the influence of parents as

role models in the career aspirations of their children.

Table 5.28

Practitioner career: Persisters versus defectors (N=1,479)

Variable Simple r b Beta
Background Characteristics

Scholar (personality type) 22 oD (.08)
Expect to change career choice -.20 -.10 -17
SAT-Math 18 (.0004) (.09)
Race: White -.11 -09 -.07
Reason for college: preparation for graduate school 17 11 .08
Hedonist (personality type) -.12 (- 02) (-.08)
Father's career: Doctor 08 Jd .07
College Environments

Merit-based aid A3 (.03) (.08)
Peers: percent who are Jewish 11 .004 10
Pears: Social activism .09 .07 .09
Faculty: colleagues are source of stress -.08 -.18 (-.07)
R=.37)

College Experiences

College grades 21 .06 A2
Hours per week: using a personal computer -.07 -.03 -.10
Worked on professor’s research 18 10 .10
Took a multiple choice exam 02 .06 .09
Hours per week: studying/homework 11 .03 .10
Worked on a group project for class -11 -06 -.09
Participated in intramural sports 08 .05 .07
Hours per week: volunteer work 10 02 .08
Left school or transferred -.10 -09 -.06
Had paper critiqued by instructor -.08 -.05 -06
(R=.47)

Notes: Coefficients presented for background characteristics and college cnvironmental cxpcncnccs are those listed afier
all environmental variables entered the regressxon equation. Coefficients for college expencncc variables are those
listed in the last equation. Coefficients in parentheses represent those which did not remain significant,
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Students are most likely to defect if they indicate at the time of college entry that they expect
to change their career aspirations. Such students may be unsure of their decision to become
science practitioners and are therefore willing to explore other options, perhaps in search of a better
career “fit.”” As found in the overall analysis (Chapter 4), being white is a negative predictor of
persistence in the science practitioner field. In other words, nonwhite racial groups persist at
higher rates than do white students. Students who score high on thz Hedonism personality
measure (that is, students who enjoy cigarettes, liquor, partying and so forth) were also less likely
to persist in this career. This is not surprising, considering that the pursuit of careers such as
physician requires a lengthy and serious commitment.

Two of the environmental variables having positive effects on persistence are measures of the
peer environment: the percent of Jewish students at the institution and the average level of social
activism among the students at the institution. As mentioned in Chapter 4, the percent of Jewish
students in an institution may be a proxy for the percen: of premed students. Persistence in a
science practitioner career is also enhanced by having a merit-based scholarship. This result once
again underscores financial aid as a means of encouraging talented science students to pursue
scientific career fields.

The amount of collegial stress reported by the faculty is a negative predictor of persistence.
This variable may reflect the amount of competition faculty perceive among colleagues at their
institution. Just how and why this variable should affect persistence, however, is unclear.

Many of the coliege experiences which predict persistence in the science practitioner career
are related to the level of academic and social integration of students. Positive predictors include
college grades and working on a professor’s research project. These two variables highlight the
importance of being academically involved with the environment at the institution. The number of
hours students participate in volunteer work is also positively related to persistence. Given that
most of the science practitioner careers fall into the broad category of “human service” careers, it is
interesting to find that participation in volunteer service work may strengthen the student’s interest

in becoming a science practitioner.
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Variables that are negatively related to persistence in practitioner careers--the number of hours
students spend per week using a personal computer and having papers critiqued by instructors--
may be artifacts. Simply put, students who are pursuing nonscience careers would be more likely
than premed students to spend a lot of time typing papers and having them critiqued by their
instructors. A similar interpretation can be made for having worked on a group project for a class
(also a negative predictor of persistence). In other words, these “intermediate outcomes” may be

the result, rather than the cause, of a student’s decision not to pursue a science practitioner career.
p

Recruits into Science Practitioner Careers

Students who did not start out with aspirations to be science practitioners in 1985 but did so
in 1989 were categorized as recruits. The variables that distinguish these students from students
who remained in nonpractitioner careers appear to be very similar to the variables that distinguish
persisters from defectors: scientific orientation, interest in graduate school, having a father who is
a doctor and being nonwhite (Table 5.29).

Interestingly, being female is also a positive predictor of being recruited into the science
practitioner career. Most of the findings up until this point suggest that women are less likely to be
recruited into science. Since gender has no effect on persistence (Table 5.28) and a positive effect
on recruitment into practitioner careers, it may well be the “human service” appeal of such careers
that creates this unique pattern of gender effects. One interesting (and admittedly speculative)
possibility here is that the appeal of other types of science careers for women might be
strengthened if the “service” aspects of such careers could be given more emphasis.

The fact that picking a freshman major in biological science carries the strongest weight of all
predictors suggests that many of the uncommitted students were already interested in science-
related careers, but simply unsure at the time they started college as to which science career they

would pick.
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I Table 5.29
Practitioner career. Recruits versus All others (N=10,770) _
- Simple
I Variable r b Beta
Background Characteristics
Scientific ori-ntation .07 .006 .03
l Father’s career: Doctor . .07 .05 .06
Reason for college: prepare for graduate school .07 .01 .05
Uncommitted (personality type) .05 .003 .04
l Gender: female .03 .01 .03
Race: White -.04 -.02 -.03
Years of biological science in h.s. .04 (.003) (.02)
9 Status Striver (personality type) -.01 (-.0005) (-.01)
Intended major: biological science 14 .09 A1,
Intended major: business -.06 -.02 -.04
Intended major: education -.04 -.02 -.02
College Environments
Living at home .02 .01 .03
Faculty: positive toward general education program .03 .02 .03
(R=.19)
College Experiences
Completed at least 4 years -.04 -.04 -.05
Completed ai least 2 years .00 .05 .03
Hours per week: volunteer work .07 .008 .06
Workeu on a professor’s research .07 .02 .05
Took a multiple choice exam .02 .02 .07
Gave a presentation in class -.04 -.01 -.04
Took honors or advanced courses .05 .01 .03
Worked on group project for a class -.05 (.006) (-.02)
(R=.22)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
significant.

There are only two environmental variables that predict recruitment into the practitioner
career. That living at home during the freshman year is positively related to recruitment is
interesting, given that students who are living at home would obviously have less frequent contact
with the overall student population than would students who live on campus. That reduced contact
with other students may not explain this effect is suggested by the college experience variables that
entered the regression (see below). The other positive environmental effect is associated with a

positive faculty attitude toward general education at the institution: if faculty are positive about the
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general education curriculum, students are more likely to be recruited into the science practitioner
career. The meaning and significance of this effect is not clear.

Our discussion of college experiences will focus only on those experiences that are not
obvious artifacts. As already suggested, the fact that the number of hours that students spend
participating in volunteer work is a positive factor in recruitment suggests that volunteer work may
reinforce students’ interests in pursuing a career which will enable them to become a human service
provider. Similarly, working on a professor’s research project may serve to strengthen the

student’s interest in a practitioner career, especially if the research is connected to the health field.

Gender Differences in Recruitment

In order to understand further why women were more likely to be recruited into the science
practitioner career, we ran regressions separately for men and for women. While there were some
variables which were common to the two equations (having a father who is a doctor, wantihg to
prepare for graduate school, scientific orientation, and majoring in bislogical science) there were
some variables that differentiated women from men. For example, being an African American was
a positive factor in recruitment into the science practitioner career for women, but not for men.
Men, on the other hand, are more likely to become recruits if they are noncitizens (se= Tables 5.30
and 5.31).

Among college environments, living at home came in as a positive predictor of recruitment
among women. For men, the percentage of students majoring in agriculture came in as a positive
predictor. The significance of this lone (and weak) predictor is not clear.

There are several positive involvement variables that are common to both men and women:
working on a professoi’s research project and taking multiple choice exams. Otherwise, most of

the differences may well be artifactual.

Summary of Findings
From the descriptive analysis we find that persisters in science practitioner careers come to
college with better preparation in the biological and physical sciences, better high school grades,
and a more positive self-concept than either defectors or recruits. Persisters are also more
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Table 5.30

l=I’La(:titioner career: Recruits versus All others--men (N=4,151)

Variable Simple r b Beta
Background Characteristics

Father’s career: Doctor .08 .04 .05
U.S. Citizen -.07 -.06 -.06
Scientific orientation .07 (.006) (.03)
Reason for college: Prepare for graduate school .07 .008 .04
Status Striver (personality type) -.03 -.001 -.03
Years biological science in h.s. .05 (.004) (.02)
Mother’s career: Doctor .05 .09 .04
Intended major: biological science 17 11 .16
Intended major: undecided .05 .03 .05
College Environments

Peers: percent majoring in agriculture -.04 -.00 -.04
(R=.22)

College Experiences

Hours per week: volunteer work .08 -.003 -.05
Worked on professor’s research .05 .02 .06
Took a multiple choice exam .02 .01 .06
Worked on a group project for class -.05 -.009 -.04
Discussed racial/ethnic issues -.02 -.01 -.04
Took remedial/development courses .04 .03 .04

(R=.25)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
in parentheses represent those which did not remain

are those listed in the last equation. Coefficients
significant.

comrmitted to scholarly pursuits than are defectors. Defectors, on the other hand, are initially less
committed to being science practitioners at college entry. That minority students persist more than
white students is somewhat of a surprise, given that minorities do not show higher persistence in
other science careers. Perhaps the lure of careers in fields like medicine and dentistry is
sufficiently strong to enable minority students to persist in spite of difficulties of a premedical
curriculum and the highly competitive nature of professional school admissions.

Many students who are recruited into the science practitioner careers enter college with an
interest in science, but they have not yet decided on a science career. These students may well
have the ability, preparation, and interest to succeed in scien;e, but without a positive early

experience with science courses and teachers, they may well end up pursuing nonscience careers.
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Table 5.31
Practitioner career: Recruits versus All others--women (N=6,521)

“Vaniable Simpler b Beta

‘Backgreund characteristics
Scientific orientation .09 .008 .04
Father’s career: Doctor .07 .06 .06
Uncommitted (personality type) .06 .004 .05
Reason for college: Prepare for graduate school .07 .009 .04
Race: African American .04 .03 04
SAT-Verbal .04 .00007 04
Intended major: biological science 12 .08 .10
Intended major: social science .04 .02 .04
College Environments
Living at home .02 .02 .03
(R=.18)
College experiences
Completed at least 4 years -.06 -.05 -.05
Hours per week: volunteering .05 -.03 -.10
Took a multiple choice exam .02 .02 07
Gave a presentation in class -.06 -.02 -.06
Worked on professor’s research .07 .02 .05
Enrolled in honors program .05 01 .03
(R=.22)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmenial variables entered the regression equation. Coefficients for college experience variables

are those listed in the last equation.

What is important in the recruitment of men as compared to women appears to be very
different. Women who are most likely to be recruited into science practitioner careers are initially
uncommitted but more socially oriented than other students. They also score well on the SAT
verbal test and show an early interest in social science fields rather than the hard sciences. It
appears that one of the major attractions of practitioner careers for women is the opportunity to

provide personal services to others. Such an appeal should probably be a major part ot any

strategy intended to attract more women into scientific careers.
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ENGINEERING CAREER

This section presents the patterns of persistence, defection, and recruitment into engineering

careers and the factors that differentiate these three groups of students.

Patterns of Stability and Change

Table 5.32 compares men’s and women’s interest in engineering as a career upon entering
college, as well as four years later. Although 10% of all college students aspired to become
engineers at the point of college entry, only 4.7% aspire towards engineering careers four years
later. However, when broken down by gender, we see that it is primarily men who come to
college interested in engineering (18.6%, as opposed to 4.1% of women). The greater percentage
loss of men from engineering merely reflects their greater interest in engineering at the start of

college. Four years after college entry, 8.8% of men plan to be engineers, compared to only 1.9%

of women.

Table 5.32

Percent choosing Engineering Career: 1985-1989

Percent Percent change
N 1985 1989 1985-1989

Total 26,306 10.0 4.7 -5.3

Men 10,592 18.6 8.8 -9.8
Women 15,396 4.1 1.9 -2.2

Among students who selected engineering as a career choice upon college entry, 48.1%
persisted in these plans. Listed in Table 5.33 are the most popular career choices of engineering
defectors four years after college entry. Business is the most popular career choice among
defectors, followed by military careers, computer programming, “other,” and research scientist.
Table 5.34 describes the most commonly cited initial career choices of engineering recruits, who
account for 25.6% of those selecting engineering careers in 1989. In addition to the large number
of students who are initially “undecided” about their exact career choice, engineering recruits are
aiso drawn primarily from students initially interested in careers in business, computer

programming, scientific research, and medicine. If we can assume that many of the initially
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Table 5.33

Five top career choices for defectors from Engineering Careers
(N=800)

Career Choice Percentage
Business 30.8 -
Military 13.0
Computer Programming 10.0
Other 8.7
Research Scientist 7.4
Table 5.34

Five top initial career choices for recruits into Engineering Careers
(N=255)

Career Choice Percentage
Undecided 21.8
Business 14.6
Computer Programming 12.6
Research Scientist 12.6
Physician 9.2

undecided students fully intended to pursue a science career (but were uncertain as to which
particular science career they preferred), and if we can assume that many (if not most) of those
initially pursuing business careers were planning to study engineering, then the “one-way traffic”
in engineering is even more than the data initially suggests. Clearly, the flow of traffic to and from
engineering careers revolves around business, or around other scientific or technical fields.
Interestingly, while engineering itself has been traditionally male-dominated, the various career
choices cited by engineering defectors and recruits are in tields which have also been traditionally
dominated by men. This result is perhaps to be expected, given that men account for more than S0

percent of those pursuing engineering careers both in 1985 and in 1989.

Descriptive Characteristics of Persisters, Defectors, and Recruits

Examining the profile of persisters, recruits, deiectors with respect to aspirations for
engineering careers, some noteworthy differences are evident among the three groups (see
Appendix C). Defectors have lower high school grades than both persisters and recruits. Upon
college entry, persisters rate themselves highest among the three groups in academic ability and

mathematical ability, but rate themselves lowest on social self-confidence and writing ability.
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Persisters are the least likely to expect to change their career choice during college (5.5%).
Defectors display a slighily greater expectation to change their career choice (12.5%), while
recruits into engineering are much more likely to expect to switch career plans during college
(27.9%). Clearly, the students in these groups have some sense of the stability of their pre-college
career aspirations even before they start college.

Those students who ultimately choose careers in engineering (persisters and recruits) are
much more likely than defectors to base their career decisions both on perceived job opportunities
that are available and on pay. In addition, persisters and recruits are both more likely than are
defectors to say they base their career choices on their parents’ expectations.

Persisters, defectors, and recruits each enter college with similar levels of commitment to
making a “theoretical contribution to science.” However, after four years of college, engineering
persisters become slightly less interested in making theoretical scientific contributions (32.3% to
27.0%), defectors become much less concerned with making such contributions (32.1% to
15.1%), while recruits increase slightly their level of commitment to scientific theory (32.9% to
35.8%). Here is a case where a particular personal value appears to change in accord with changes

in the student’s career interests.

Factors Involved in the Persistence, Defection, and Recruitment of Engineers
Persisters versus Defectors in Engineering Careers

Table 5.35 shows that the background characteristic most strongly predicting persistence of
engineering career choice is high school GPA. The only other background characteristic having a
positive effect on persistence is attending college because of parents’ expectations.

A number of background characteristics (those with negative signs), are related to defecting
from engineering careers. Not surprisingly, the strongest factor for defection is expecting to
change one’s career choice. Clearly, students vary in their degree of commitment to an engineering
career, and this ambivalence affects their chance of maintaining their career interests over the four
years. This finding once again emphasizes the importance of an early commitment to science.
Also, of those students who initially aspire to be engineers, those who come to college to get
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Table 5.35
Engineerins Career: Persisters versus Defectors (N=1,009)

Simple
Variable r b Beta
Background Characteristics
High school grades 12 .05 .14
Expect to change career choice -.13 -.09 -.13
Reason for college:

Preparation for graduate school -.09 (-.07) (-.09)
Reason for college: Parents’ expectations .06 (.05) (.07)
Reason for college:

Become a more cultured person -.10 (-.06) -.07)
Intended major: physical science -.13 -.21 -.08
College Environments
Distance from home to college -.12 -.04 -.10
Financial support from parents .05 (.01) (.04)
Pell Grant .06 .14 .09
Financial support from part time job -.05 -.11 -.10
Peers: Outside Work .15 .21 18
Faculty: percent teaching

general education courses -.13 -.00434 -.13
(R=.3680)

Coliege Experiences

Took an essay exam -.36 -.6 -.21
Took a multiple choice exam -.28 -.12 -.17
Worked on a group project in class 17 .10 .14
Had a paper critiqued by an instructor -.28 -.10 -.14
Hours per week: studying/homework 12 .03 .09
Took women's studies course -.13 -.16 -.18
Left school or transferred -.16 -.11 -.08
(R=.5631)

Notes: Coefficients presented for background characicristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
significant.

training for graduate school are less likely to persist in this choice during the next four years. A
third factor related to defection is coming to college to become a more cuitured person. Finally,
students who plan to major in the physical sciences are also less likely to maintain their engineering
aspirations over time. This last finding may be related to the apparent competition for students
between certain engineering and physical science departments, as already described in Chapter 4.
As reported in several earlier regressions, receiving financial aid from parents or from a grant

increases students’ chances of maintaining career interests in engineering. The fact that those
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students who work at part time jobs are less likely to persist may reflect the large investment of
time and energy that is necessary to survive in the typical engineering curriculum.

The environmental variable having the strongest positive association with engineering
persistence is the percentage of peers who work at outside jobs. This measure is characteristic of
commuter institutions that are large and nonselective and that enroll many students from lower
socioeconomic backgrounds. Among other things, such institutions do not have large social
science, political science, and history departments that might attract students away from
engineering. Also, because students attending these schools usually live at home, their main
interaction with each other will be within their courses. Thus, the peer environment of en gineei‘ing
students at many commuter schools may consist primarily of other engineering students, a factor
which may help to retain many of them within engineering.

Students who attend colleges away from home are less likely to maintain an initial interest in
engineering. Living away from home provides students with new experiences and opportunities,
many of which may attract some engineering students away from their initial career aspirations.
Also negatively associated with engineering career persistence is the percent of faculty at an
institution teaching general education courses. This finding probably reflects the effect of being at
schools with large general education programs. The greater number of general education courses
that students are required to take, the less likely they are to have maintained their initial career
interest in engineering, since engineering as a major tends to require a large number of engineering
or engineering-related courses.

College activities (“intermediate outcomes”) positively associated with persistence of
engineering career aspirations are working on a group project for a class and the hours per week
spent studying or doing homework. Activities negatively associated with engineering persistence
include taking an essay exam, taking a multiple choice exam, having a paper critiqued by an
instructor, enrolling in a women’s studies course, and leaving or transferring from school.
However, as mentioned earlier and in Chapter 4, these findings may well reflect the fesult of

persisting towards a career in engineering, rather than the cause.
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Recruitment into Engineering' Careers

Many of the background characteristics positively associated with recruitment into
engineering are related to academic ability and preparation (Table 5.36). Students recruited into
engineering fields are more likely than non-recruits to have greater scientific orientation, higher
SAT Math scores, are more likely to have participated in a high school science contest, and are
more likely to have used a personal computer in high school. These results underscore the
importance of ability and early preparation in the production of engineers. Those who are more
able and prepared are more likely to be attracted into engineering than other students. Yet, the fact
that over 23% of recruits into engineering switched from other science fields may account for at
least some of these findings.

Women students who desire to influence the social or political structure, or those with
“hedonistic” tendencies are least likely to be recruited into engineering. Perhaps the subject matter
and the intense time demands of engineering do not seem attractive to the activist/hedonist, who
may not want to commit great amounts of time to studying this relatively specialized field.

While having a father who is an engineer is not related to persistence in engineering, it does
increase a student’s likelihood of being recruited into engineering. As pointed out earlier in this
chapter and in Chapter 4, this emphasizes the importance of having a parent who can serve as a
mentor or role model, thus allowing students to gain a first-hand understanding of science-related
careers. It may also reflect in part the role of parents’ expectations. As was found with engineering
persistence, students who go to college because their parents expect them to go are more likely to
be recruited into engineering, as are students who come to college in order to “learn more about
things.”

As was found with persistence, students who attend college in order to becorne more cultured
are less likely to be recruited into engineering fields. This finding reflects the importance of values
in the choice of an engineering career: students who are more culturally/artistically oriented tend to
avoid the field, while the more academically inquisitive students are attracted to it. It is important to

realize that these value effects are over and above the effects of ability and family background.
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' Table 5.36
Engineering Career: Recruits versus All others (N=11,224)
Simple
Variable r b Beta
Background Characteristics
l Scientific orientation .09 .01 .04
SAT-Math .09 (.00029) (.02
Gender: female -.09 -.01 -.03
i Used a personal computer in high school .07 (.00356) (.02)
_ Activist (personality type) -.04 (-.00087) (-.02)
Participated in high school science contest .07 .01 .03
Father’s career: Engineer .04 .01 .02
l Reason for college: Parents’ expectations .02 .00477 .03
Hedonist (personality type) -.03 -00173 -.03
Reason for college: Become a more cultured person -.04 (-.00439) (-.02)
l Reason for college: Learn more about
things that interest me .02 01 (.02)
Race: African American .01 (.00635) (.01)
l Intended major: engineering 26 22 .26
Intended major: vocaticnal/technical 07 .07 .07
Intended major: physical science .07 .02 .05
i Intended major: biological science -.03 -.01 -.03
College Environments
. Living in private room or apartment .03 (.02) (.02)
. Faculty perception: student orientation -.08 (-.00130) (-.02)
‘ Peers: Outside Work -.00 .03 .08
Faculty: percent in science 14 (.00034) (.02)
Faculty perception: resource and reputation emphasis .09 .01 .08
Peers: intellectual self-esteem .07 -.01 -.08
Peers: socio-economic status .02 .00357 .09
-Peers: percent who are Jewish -.01 -.00054 -.04
' Faculty perception: campus racial conflict -.01 (-.00071) (-.00)
Faculty: percent teaching interdisciplinary courses -.00 (.00007) (.01)
X Peers: Percent majoring in engineering .18 .00125 .10
l Undergraduate enrollment .03 -.000001 -.05
Percent expenditures on student services -.06 -.00219 -.07
Public four-year college .04 .02 .07
Total enrollment .04 -.00426 -.06
l Peers: Percent majoring in other/non-technical -.04 -.00047 -.03
Peers: Percent majoring in physical science .03 -.00124 -.04
" Peers: Percent Hispanic students .02 .00078 .03
' Private university .04 -.01 -.04
l (R=.35)
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Table 5.36 (Continued)
Engineering Career. Recruits versus All others (N=11,224)

Simple
Variable r b Beta
College Experiences
Took an essay exam . - 12 -.02 -.03
Took a multiple choice exam -.07 -.01 -.08
Worked on a group project in class .03 .01 .06
Hours per week: studying/doing homework .05 .00237 .03
Gave a class presentation -.05 -.01 -.04
Tutored another student .05 .01 .03
Discussed racial/ethnic issues -.05 -.01 -.03
Discussed course content with students .03 .01 .03
Guest in professor's home -.04 (-.01) (-.03)
Participated in college internship program -.00 .01 .02

(R=.38)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain
significant.

Finally, the freshman major also affects the likelihood that a student will be recruited into
engineering. The positive effects on recruitment of students majoring in engineering, vocational/
technical fields, or physical science suggest that many undecided students were in fact inclined
toward science and engineering from the beginning,

Living in a private room or apartment increases the likelihood of being recruited into
engineering fields. Such arrangements may not only be more effective for studying and allowing
students to concentrate on their work, but they may also serve to isolate the student from peers in
other (competing) fields.

Similar to the finding for engineering majors, attending an institution which spends more
money on student services or which has a more student-oriented faculty slightly decreases a
student’s chances of being recruited into engineering.

A number of environmental effects are associated with recruitment into engineering careers.
Institutions with large percentages of science faculty and with large engineering programs (i.e.,

many peers majoring in engineering) are more likely to recruit students into engineering. However,
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consistent with the findings in Chapter 4, recruitment into engineering fields is negatively affected
by attending an institution with a large physical science program.

A number of other peer environmental factors are associated with recruitment into
engineering careers. Similar to the finding for engineering career persisters, students attending
institutions in which many of their peers work full-time to pay for college are more likely to be
recruited into engineering.

Positive environmental factors in recruitment include a strong institutional emphasis on
resource acquisition and reputation enhancement, a peer group with high socioeconomic status,
and attending a public four-year college. But perhaps the most intriguing environmental effects
concern three environmental measures that have positive simple correlations with recruitment but
which turn out in the regression analysis to have negative gffects on recruitment: institution size,
private university, and a peer environment characterized by high intellectual self-esteem. It is
understandable that such institutions would have relatively large numbers of recruits (the positive
simple correlation) simply because they are more likely than other types to have large engineering
programs. But why should they have a negative g¢ffect on recruitment (the negative Beta
coefficients)? Could it be that the student bodies of large private universities represent so many
diverse career interest that some potential engineering recruits are lost to other fields? Could it be
that a peer group with high intellectual self-esteem views engineering as too narrow or “applied” or
“practical”? These admittedly speculative interpretations provides interesting challenges for future
research on the effects of peer environments.

College activities positively associated with recruitment include: working on a group project
for class, hours per week spent studying, tutoring other students, discussing course content with
students, and partic ‘pating in an internship program. While these activities may be the result rather
than the cause of switching into an engineering career at some point during college, they also may
act to reinforce the content of courses, thus instilling students with the academic confidence to

switch their career plans to engineering.
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Involvement measures negatively associated with engineering recruitment include taking an
essay exam, taking a multiple choice exam, giving a class presentation, discussing racial and ethnic
issues, and being a guest in a professor’s home. Again, many, if not most, of these involvement

measures are probably the result rather than the cause of being recruited into engineering.

Gender Differences in Recruitment

Because being female entered as a negative predictor of recruitment into engineering careers,
additional regression analyses were performed separately by gender in order to gain an
understanding of any differences among the factors associated with men’s and women’s
recruitmeht into engineering (see Tables 5.37 and 5.38).

When only those variables that remain as significant predictors throughout the regressions are
considered, the input variables predicting recruitment are remarkably similar for men and women.
The only unique predictors for men are having a father who is an engineer and attending college to
“learn more about thipgs that interest'me.” For women, the only unique predictor is participating
in a high school science contest.

Both men’s and women’s recruitment into engineering are positively affected by attending
colleges with greater percentages of science faculty and high proportions of peers majoring in
engineering. As was found for the overall sample, enrollment size has an interesting effect on
recruitment into engineering careers: a positive simple correlation and a negative final Beta weight.

There appear to be only a few noteworthy differences between the college environments
affecting men’s and women’s recruitment into engineering. A number of effects that were
described for the overall sample actually appear to have an effect only for men: the peer “work”
measure, peer intellectual self-esteem, resource and reputation emphasis, and the percent of
degrees awarded in “other/non-technical” fields. Similarly, women’s recruitment, but not men’s,
appears to be positively affected by attending a public four-yzar institution. One variable that did
not entered the regression for the overall sample, but did enter for the women’s sample, is
attending an institution with over 80% men, which has a positive simple correlation but a negative

effect on recruitment into engineering careers.
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' Table 5.37
En&ineerins Career: Recruits versus All others--Men (N=4,068)
‘ Simple
‘ Variable r b Beta
Background Characteristics
" Scientific orientation . .10 on (.04)
SAT-Math .09 (.00) (.04)
Used a personal computer in high school .09 o1 (.03)
. Father’s career: Engineer .07 .03 .04
Reason for college: Learn more about
_things that interest me .06 .02 .06
Reason for college:
l Become a more cultured person -.03 (-.01) (-.03)
Reason for college: Parents' expectations .03 (.01 (.04)
Reason for college: Preparation for
' graduate school -.01 -01) (-.03)
T Intended major: engineering .26 22 .26
- Intended major: vocational/technical .06 .05 .05
f l Intended major: physical science .06 .03 .05
College Environments
Living on campus -.05 (-.02) (-.04)
l Faculty perception: student orientation -13 (-.00348) (-.04)
Peers: Outside Work .00 .04 .08
Faculty: percent in science 15 (.00058) (.03)
' Faculty perception: resources and
reputation emphasis 11 .01 .07
Peers: intellectual self-esteem .06 -.01 -.10
Peers: percent majoring in engineering .20 .00145 11
' Undergraduate enrollment .05 -.000002 -.06
Percent expenditures on student services -.08 -.00238 -.06
Peers: percent majoring in other/non-technical -.04 -.00088 -.04
. (R=.36)
College Experiences
l Took an essay exam -.17 -.03 -.11
Took a multiple choice exam -.09 -.03 -.11
Worked on a group project in class .05 .02 .07
' Discussed racial/ethnic issues -.08 -.01 -.04
(R=.40)

I Notes: Coefficients presented for background characteristics and college environmenial experierices are those listed
after all environmental variables entered the regression equation. Coefficients for college experience variables
are those listed in the last equation. Coefficients in parentheses represent those which did not remain

I significant.
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Table 5.38
Ensz’neerins Career: Recruits versus All others--Women (N=7,156)

Simple
Variable r b Beta
Background Characteristics
Scholar (personality type) .06 (.00041) (.02)
Participated in high school science contest .06 .01 .03
Social Activist (personality type) -.03 (-.00087) (-.02)
Scientific orientation .06 (.00179) (.02)
Race: African American .04 (.01) (.02)
SAT-Math .05 (.00002) (.02)
Race: Puerto Rican .03 (.04) (.02)
Intended major: engineering .25 .23 .24
Intended major: vocationai/technical .09 .09 .09
Intended major: physical science .07 .02 .06
College Environments
Faculty: percent in science A1 (.00041) (.04)
Peers: percent majoring in engineering 13 00092 .10
Peers: over 8.0% male enrollment .03 -.08 -.05
Total enrollment .00 -.00469 -.10
Public four-year college .03 .02 .07
Percent expenditures on student services -.03 -.00108 -.05
(R=.32)
College Experiences
Worked on a group project in class .03 01 .05
Took an essay exam -.06 -.01 -.05
Took a multiple choice exam -.04 -.00493 -.05
Tutored ancther student .05 .00435 .04

(R=.33)

Notes: Coefficients presented for background characieristics and college environmental experiences are those listed
after all environmental varizbles entered the regression equation. Coefficients for college experience variables
are thosc listed in the last equation. Coefficicnts in parentheses represent those which did not remain
significant.

Summary of Findings

During the college years, there is a substantial decrease in the interest among both men ‘and
women in careers in engineering. Proportionately, male engineering mzjors outnumber female
engineer majors by more than four to one; however, the proportionate decline of interest in this
career is approximately equal for men and women. Students who defect from engineering head
primarily towards careers in business, the military, computer programming, and scientific
research. Most students who are recruited into engineering from other career choices during
college are those whose initial career aspirations were undecided, or in business, computer
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programming, scientific research, or medicine. Apparently, many freshmen who say they are
undecided but later switch to an engineering choice were interested in science or engineering when
they first entered college, but simply undecided as to which particular science-oriented career (or
engineering speciality) they would choose. There is also reason tb believe that many of those who
switch from this career choice from business to engineering were planning all along to major in
science or engineering. These facts make it clear that most of the recruits into engineering careers
come from other science-related fields.

Students whose aspirations for engineering careers persist during college differ from those
who defect from engineering in that they tend to be more academically able, to have stronger
scientific preparation, and are initially more committed to the field. Defectors from engineering
display initial interests that extend far beyond engineering: they are more likely to say they enrolled
in college to become more cultured or to broaden their horizons, and they attend institutions farther
from home.

Persisters in engineering careers, compared to defectors, spend greater amounts of time
studying, are less likely to hold part-time jobs, are more likely to have financial assistance to
support themselves through college, and more often say that they came to college because of parent
expectations.

In many ways, students who are recruited into engineering are very similar to those who
persist. Engineering recruits exhibit greater academic ability and scientific preparation than non-
recruits (i.e., those who maintain non-engineering choices throughout college). As with
persisters, recruits are less likely than non-recruits to have a variety of interests outside
engineering. Recruits are less prone to social activism and hedonism, and are less likely to be
attending college in order to become more cultured. Instead, recruits are more likely to cite “to
learn more about things that interest me” as a primary reason for coming to college.

Women, however, are significantly less likely than men to be recruited into engineering

during college. Women are more likely to be recruited into engineering if they attend public four-
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year colleges and less likely to be recruited if they attend colleges where women comprise less than
2.0% of enrollment.

Parental influence also seems to play a role in recruitment into engineering. Men whose
fathers are engineers or who came to college because of their parents’ expectations are more likely
to be recruited into engineering.

Engineering recruitment is less likely to occur in institutions which have a strong student
orientation. Instead, recruitment is more'likely where there is a large percent of science faculty,
larger engineering departments, and a greater emphasis placed on resources and reputation
enhancement. However, a physical science presence on campus has a negative effect on
recruitment into engineering. Physical science majors, or students in schools with larger physical
science depariments, are less likely to be recruited into engineering during college. An
interpretation of this finding relates to both the competition for students which exists between many
physical science and engineering departments, as well as the prevailing academic elitism which
favors the physical sciences over engineering. Indeed, campuses where students exhibit more
intellectual self-esteem are less likely to recruit students into engineering.

Finally, students who are recruited into engineering are more likely to engage in college
activities conducive to learning. Recruits spend more time studying, tutoring, discussing course
content with other students, and doing internships, than students who are not recruited into
engineering.

Overall, production of engineering persisters and recruits is enhanced through early scientific
preparation, and through college experiences which allow students to become actively involved in
the learning process. Yet, a large number students with the preparation and the ability to become
engineers ultimately select other careers. It is the task of higher education to figure out how these
potential engineers, with their varied interests, can be encouraged to remain in, and enjoy,

engineering.
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Summary of Findings, Conclusions, and Implications

In this chapter we have examined the overall net changes during college in the number of
science majors and science career aspirants in greater depth by assessing and comparing the
characteristics of four groups: persisters, defectors, recruits, and non-science students (those who
never indicate an interest in science). Persisters and recruits tend to be vetter prepared in science
when they enter college and to have had higher GPAs and higher test scores. Defectors and non-
science students tend to differ from the other two groups in their values about life in general. For
example, students who defect from physical science majors tend to place more vaiue on personal
goals that have to do with money and status. Early career indecision is also predictive of chan ges:
more students who were initially undecided are found among both the recruits and the defectors.

Examining the majors and careers to which students defect, business as a major and as an
ultimate career appears to be popular with the defectors from each of the science majors and careers
we examined, but especially in engineering. Social sciences also attract high proportions of
defectors from the natural sciences. However, there is also a good deal of interchange between the
sciences and engineering: physical science defectors often choose engineering, and defectors from
engineering majors often choose to major in physical sciences.

Students who are undecided with respect to majors or careers constitute a major source of
recruits into the sciences and engineering. Most of these initially “undecided” recruits, however,
show some interest in and talent for science when they start college.

Early commitment to an engineering career is clearly an important factor in whether students
persist in their initial engineering career aspirations. Persisters are most likely to be those students
who are initially more focused, are hard workers academically, and have very few outside
diversions. Parental influences play a role as well: having a father who is also an engineer
enhances the student’s chances of persisting.

Women favor biological science majors over both physical science and engineering majors.
Women are also much more likely than men to indicate science practitioner, rather than research

scientist or engineer, as a career choice. Women are less likely than men to be recruited to
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engineering majors and to persist in research scientist careers, but they are more likely to be among
the recruits to science practitioner careers.

Women are more likely to be recruited to engineering majors if they score high on the SAT-
Math score and have a strong scientific orientation. Using a personal computer while in high
school and having received tutorial assistance while in college also increases a woman’s chance of
becoming a recruit into an engineering major.

The influence of peers is apparent in both persistence and recruitment: the more peers there
are majoring in a particular SME field, the greater the persistence in and/or recruitment into that
field. These findings have direct implications for how we may wish to organize the college
experiences of students. Basically, an effort needs to be made to encourage individual science
students to have greater coniact with others who share similar career interests.

Being around people with similar interests appears to reinforce one’s own choices and
interests in the same area. It should be added, however, that this peer effect varies across different
SME fields: in the physical sciences, it appears to operate primarily on recruits, whereas in the
biological sciences it operates primarily on persisters. In engineering it appears to affect both
persisters and recruits.

The results also highlight the competition among various SME fields already noted in Chapter
4. Physical science departments play a key role here: having a large physical science program on
the campus (a high proportion of students majoring in the physical sciences) appears to discourage
recruitment into engineering careers and to reduce retention among biological science majors.
These effects help to explain why the physical sciences experience smaller net losses during the
undergraduate years: the stronger programs attract many defectors and potential recruits away from
biology and engineering careers.

In short, these findings suggest that any strategy for increasing the number of students
pursuing SME majors and careers shouid (a) consider whether to focus on retention, on
recruitment, or on both retention and recruitment; and (b) take into account the possible effects of

competition among SME fields.
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Grants as a form of aid seem to be important for persistence in physical science fields. While
smaller colleges appear to facilitate persistence in science, highly selective institutions tend to
reduce it. It may be that strong competition discourages students from persisting in fields that are
academically quite demanding.

Certain specific experiences in college may be important in determining whether students
persist in or are recruited into science and engineering. Participating in research with faculty is
positiyely associated with both retention and recruitment, especially among students who are
uncertain about their careers and majors. Participating in honors programs also appears to benefit
retention and recruitment. It may be that students in honors programs have closer contact both
with faculty and with other science students.

Faculty behavior also seems to play an important role. Student-centered faculty appear to
enhance students’ persistence in biological sciences and encourage recruitment into careers in
research. On the other hand, persistence in the physical sciences appears to be reduced by
attending an institution where the faculty is heavily research oriented. This finding suggests that
such faculty may be less involved in teaching and advising students. Students at such institutions
probably get little support and encouragement from faculty role models.

Tutoring other students also appears to be a positive factor for persistence in science and
engineering. This result suggests that institutions need to consider seriously the development of
experiences where the more advanced students have opportunities to participate in the teaching of

science to their classmates.
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CHAPTER 6

Factors Influencing Acquisition of Scientific Knowledge and Quantitative
Competency

Analyses reported in the preceeding two chapters underscore the importance of academic
ability and achievement in the choice of science majors and careers: practically every regression
identified one or more such measures (school grades, standardiied test scores) as positive factors
in the student’s eventual choice of a college major or career in some field of science or engineering.
Ability and achievement affect both persistence and recruitment.

In this chapter we attempt to identify these environmental factors that affect the development
of mathematical competency and scientific knowledge during the undergraduate years. For these
analyses the outcome measures consist of the students’ performance on either of two nationally
standardized tests used for admission to graduate and professional school: the Graduate Record
Examination (GRE) Quantitative test and the Medical College Admissions Test (MCAT). Among
other things, these tests measure analytical and problem solving skills as well as knowledge of
scientific and mathematical content. These tests also represent important “gates” for entry into
graduate and professional programs that lead to high level positions in science, medicine, and
college teaching. As a consequence, developing undergraduate students’ ability to perform well on
these tests should be an important goal of any undergraduate program, especially one that includes
scientific and mathematical content and which purports to prepare students for post-graduate study.
In short, for reasons of both content and function, it is useful to know what kinds of
undergraduate institutions and programs facilitate or inhibit the students’ ability to perform well on
such tests.

Since it is well known that students entering different kinds of colleges and programs already
differ substantially in their performance on standardized tests, it was considered necessary to have
available scores on similar college admission tests as input or “control” data. Thus, in addition to
the questionnaire data already discussed, we were fortunate in being able to obtain from the

College Entrance Examination Board and the American College Testing Program the college
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admission test scores of those 1985 entering freshman who completed the Fall survey in the
Cooperative Institutional Research Program (CIRP).

Conversion of ACT to SAT equivalence was made possible by the existence of a subsample
(N=14,865) for whom scores on both tests were available. Several analyses of these cases
showed that it was possible to convert the ACT math score directly into the equivalent SAT math
score, and that the sum of the other three ACT tests ( English, social sciences, natural sciences)
could be converted into an equivalent SAT verbal score. The SAT and ACT math scores correlate
.85, and the SAT verbal and ACT verbal equivalent correlate .82. All 1985 freshman for whom we
had both entering freshman questionnaire data and SAT (or equivalent ACT) scores were then
matched against the files of the Educational Testing Service to obtain scores on the GRE. The
unweighted mean scores of this sample (N=8,819) on both the SAT and GRE tests is quite high:
mean SAT Verbal and Math of 537 and 573, respectively, and mean GRE Verbal and Quantitative of
533 and 590, respectively. Given that our sampling of institutions overrepresents the more
selective institutions, and given that our sample of students includes only “fast trackers” who
manage to take their GRE tests within four years after first entering college, one would expect this
to be a highly select group of students. Nevertheless, it should be pointed out that the variability in
test scores is only slightly less than the variability reported by ETS for its standardization
population (Educational Testing Service, 1987a, 1987b). Thus, the standard deviations were 103
and 106, respectively, for the SAT verbal and SAT math (compared to 104 and 114 for the
population), and 108 and 123, respectively, for the GRE Verbal and Quantitative test ( compared to
118 and 132 for the population). The fact that the variability in test score performance in our
sample has been only slightly constrained indicates that the correlations of these test scores with
other variables will not be substantially attenuated by the select nature of our sample.

Scores on the MCAT were obtained from the association of American Medical Colleges.
There was a total of 1,854 students for whom we had both 1985 entering freshman survey data,
SAT or ACT data, and MCAT data. Regression results using the GRE Quantitative and Analytical

tests and the MCAT tests are reported separately below.
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GRE Quantitaiive Test Performance

The simple correlation between the SAT-Math and GRE-Quantitative is .85. Considering the
four-year time lapse, this is indeed a remarkébly high correlation. Clearly, these two tests, despite
their different names, appear to be measuring very similar qualities. As a matter of fact, a “test-
retest reliability” of .85 over a four-year time span would be remarkable, even if exactly the same
instrument were used on both occasions.

Next to the SAT Math score, the strongest freshman predictor or the GRE Quantitative score
four years later is the students’ self-rating on mathematical ability. Apparently, this seif-rating
contains information about the student’s mathematical skills not contained in the SAT math scores
(partial Beta = .21). Other positive predictors that add significantly to the regression equation
include the student’s high school grades, SAT Verbal score, interest in making a theoretical
contribution to science, fathers educational level, having a father who is an engineer, tutoring other
students in high school, being undecided about a career choice, using a personal computer, number
of physical science courses taken in high school, and having no religious preference. Negative
input predictors include age, being a woman, being African American, giving “to improve my
reading/studying skills” as a reason for attending college, being a non-citizen, interest in writing
original works, asking high school teachers for advice after class, and three personality measures:
Leadership, Artistic Inclination, Social Activism. That these three personality measures should
negatively affect students’ GRE quantitative scores is somewhat puzzling. One admittedly
speculative possibility is that heavy engagement in these activities—student government, artistic
pursuits, and social activism—consumes a lot of students’ time and energy but does little, if
anything, to enhance the development of quantitative skills.

As would be expected, majoring in science, engineering, or other technical fields facilitates
the development of quantitative skills, whereas majoring in the arts or humanities has a negative
effect. (These and other effects discussed below are assessed only after the effects of student input
characteristics have been controlled). Majoring in science or engineering adds between 10 and 30

points to the student’s GRE Quantitative score, depending upon whether one discounts the effect of




-

other involvement variables that might be related to choosing a science and engineering career
(below). Majoring in biological science, somewhat surprisingly, turns out to have a negative effect
on GRE quantitative performance, even though the simple correlation between choosing a biological
science major and a GRE quantitative score is positive. Once entering freshman characteristics are
controlled (especially SAT math), the coefficient beccmes negative. These findings suggest that
many biological science majors once in college, may avoid courses that challenge their quantitative
skills.

Financing college with personal savings is positively associated with GRE quantitative
performance, whereas having need-based aid appears to have a negative effect.

Analyses using faculty environmental data involved some loss of cases (from 8,819 to
6,359) because not all institutions participated in the faculty survey. GRE Quantitative performance
is positively affected by both the Intellectual Self Esteem of the peer group and the Research
Orientation of the faculty. Other variables having positive effects include the size of the student
budv. the percent of Asians in the student body, and the use of written evaluations. Other faculty
variables having positive effects include the percent of faculty in science fields, the faculty’s
perception that there is keen acacemic competition between students, and the institution’s
diversity emphasis. The percent of women on the faculty has a negative effect on GRE quantitative
performance.

A much larger loss of cases (from 6,539 to 2,002) was necessitated in the analyses of
“involvement” or “intermediate outcome” variables, since these variables come from the 1989-90
follow-up questionnaire. A number of these variables show significant partial correlations with
GRE quantitative scores following control of student input and environmental characteristics. The
strongest correlation involves the number of math/numerical courses taken in college. Here we
have clear-cut evidence in support of the truism that “‘students learn what they study.” The fact that
taking writing skills courses has a negative effect on GRE quantitative performance is perhaps to be
expected, although we do not find a similar pattern with math courses and GRE verbal performance

(see Astin, 1993). In other words, taking math/numerical courses does not appear to impede the
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development of verbal skills in the same way that taking a lot of courses that emphasize writing
seermned to impact negatively on quantitative skills. These contrasts may well reflect something
about the modern college curriculum. Whereas all students are required to take at least some
courses in the humanities and some courses that emphasize the development of verbal skills
(reading, writing, speaking), it is possible in many institutions for those students whose interests
lean heavily toward literature, language, the arts, and the humanities to avoid taking any courses
that focus on the development of quantitative skills. Apparently, many students do just this.
Clearly these findings have significant implications for curricular committees that may be
concerned about the development of students’ skills in quantitative reasoning and analysis.

Two other involvement variables show significant partial correlations with GRE Quantitative
performance: college GPA and tutoring other students. The positive correlation with tutoring raises
an interesting ambiguity: do students engage in tutoring merely because they have well-developed
quantitative skills, does tutoring itself enhance the development of such skills, or both? That the
students who have well-developed quantitative skills are more likely to end up tutoring other
students in college is suggested by the fact that the simple correlation between tutoring and the
GRE quantitative score diminishes considerably (from .14 to .03) when SAT math and other input
and environmental characteristics are controlled. However, the fact that the correlation remains
highly significant statistically, even after all other involvement variables are controlled, suggests
that tutoring may indeed help to enhance quantitative skills. Similar theoretical arguments have
recently been advanced to explain why cooperative learning seems to benefit all participants,

regardless of their achievement levels (Johnson, Johnson, & Smith, 1991).

GRE Analytical Performance
While there was no entering freshman pretest score available for the GRE Analytical score,
the fact that more than half of the variance in this score could be predicted from the SAT Verbal and
Mathematical scores (R =.76) suggests that the SAT represents a fairly good pretest for the GRE

Analytical. Other input characteristics having positive effects on GRE Analytical performance
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include being white, self-rated mathematical ability, using a personal computer, high school GPA,
and two personality measures: Hedonism and Artistic Inclination. Hegative input predictors include
self-rated physical health, citing “to improve reading and study skills” as an important reason for
attending college, being African American, and commitment 1o creating artistic works.

Gender produces interesting results in the prediction of the GRE analytical score. Women get
much lower scores on the GRE analytical than men do, as evidenced by the simple correlation of -
.20. The entry of SAT mathematical into the regression, however, changes this simple negative
correlation to a significant positive partial correlation. This positive correlation survives through the
entire regression, suggesting that some kind of direct positive effect of gender on analytical skills
occurs during the undergraduate years. In other words, the reason why women get lower
analytical scores is because they enter college with lower SAT Math scores than the men do. Once
this differential in math preparation is controlled, being a women has a positive effect on GRE
analytical scores. What this means is that women actually get higher analytical scores than one
would expect from their SAT scores. The reason for this positive effect is not at all clear, but it
provides interesting material for further studies on gender differences.

As would be expected, majoring in some field of physical science has a positive effect on
GRE analytical scores. Other positive effects are associated with the use of graduate teaching
assistants and the percentage of Hispanic students in the undergraduate student body.
Conceivably, associating with a lot of TA’s, many of whom would have taken the GRE relatively
recently, may help unde. graduates gain useful tips about preparing to take the GRE. As recent
applicants themselves, the TA’s could also serve to motivate the undergraduates by reminding them
of the fact that their chances of being admitted will be enhanced by scoring well.

No faculty variables are found to be significantly correlated with GRE analytical performance,
once the effects of input variables have been controlled. This negative result suggests that faculty
teacher practices have very littie effect on students’ analytical competency.

Only three involvement variables are associated with GRE analytical score (following the

control of input and environment variables): undergraduate GPA, hours per week spent socializing
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with friends (both positive correlations), and receiving personal/ psychological counseling
(negative correlation). The positive effect of undergraduate GPA, which occurs with other
standardized test scores (Astin, 1993), suggests once again that college grades, despite their

relativistic nature, may indeed reflect cognitive learning.

MCAT Performance

The SAT Math and Verbal scores produce a multiple correlation of .76 with the MCAT,
suggesting that the SAT is a reasonably good pretest for this test. The weights assigned to the two
SAT scores were nearly equal in size (the weight for math was slightly higher), indicating that the
MCAT is relatively evenly balanced between quantitative and verbal skills. Other entering
freshman characteristics having positive weights in the prediction of MCAT scores include high
school GPA, self-rated academic and mathematical abilities, and career indecision. Negative
weights are associated with being a woman (the largest individual weight except for SAT scores),
being African American, and being a non-citizen.

That entering college with plans to major in an allied health field carries a negative weight in
predicting MCAT scores is a bit of a surprise. This result suggests that students who initially
aspire to a career in allied health but then switch to a pre-med curriculum during college are at
somewhat of a disadvantage in terms of their preparation to take the MCAT. Could it be that the
basic science courses taken in connection with ¢n allied health major are not as rigorous as similar
courses taken in a traditional liberal arts program?

The environmental variable having by far the strongest effect on MCAT scores is the peer
measure, Intellectual Self-Esteem. Why should the intellectual self-esteem of the peer group
facilitate performance on both the MCAT and GRE tests? There are at least three possible (and not
mutually exclusive) interpretations. First, being around a lot of other highly able, self-confident,
and motivated students may stir up the individual student’s competitive inclinations. Second,
verbal interactions among such students may often involve the exchange of information and ideas

that are useful in taking these standardized tests. In other words, such students may represent
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good “teachers” for one another. Finally, since students with high intellectual self-esteem are likely
to take graduate admissions tests, there are more individual students in such an environment from
whom to learn “tricks of the trade” in preparing to take such tests. Other variables having positive
effects on MCAT scores include paying for college expenses with personal savings and the percent
of Asians in the undergraduate student body. It is interesting to note here that beging Asian-
American as such does not show any significant effects on either the GRE or the MCAT, even
though attending a college with a relatively high proportion of Asians in the student body positively
affects performance on both tests. Apparently, this peer group measure affects Asians and non-
Asians alike. The only negative effects on MCAT scores are being supported by a college
work/study grant and attending a college for women.

Studying the effects of faculty environmental variables necessitates a slight loss of students
(from 1,854 to 1,7835). The strongest effect by far is associated with the faculty perception of
“keen competition” amornig undergraduate students for grades. This perceptual variable,
incidentally, is strongly associated with the Intellectual Self-Esteem of the peer group (r =.71). As
a matter of fact, at the step where “keen competition” enters the regression, the partial regression
coefficients for the two variables are virtually identical (both coefficients equal .13). But when
“keen competition” enters the regression, the coefficient for Intellectual Self-Esteem is diminished
considerably. In effect, then, there is little to choose between these two variables when it comes to

their effects on MCAT scores since the difference in their partial Betas at the step where “keen

. competition” enters is insignificant.

The only faculty environmental variable showing positive effects on MCAT performance is
the percent who teach interdisciplinary courses. Two faculty variables have negative effects on
MCAT performance: the average age of the faculty and the perception that faculty colleagues are
positive about the institution’s general education program. In these faculty analyses, two other
institutional characteristics entered the regression equation with negative weights: attending a public

university and the percent of total expenditures devoted (o instruction.
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Analyses involving the possible effects of involvement variables on MCAT performance
required a much reduced sample size (n = 502), since it was necessary to have follow-up
questionnaire data as well as all of the data required for the faculty analyses. The involvement
measure with by far the strongest correlation with MCAT performance (after the effects of input and
environmental characteristics are controlled) is undergraduate GPA (partial Beta =.22). Three other
involvement variables have negative associations with MCAT performance: received
personal/psychological counseling, hours per week spent attending religious services, and hours

per week spent with student clubs or organizations.
Summary and Discussion

These analyses of factors affecting students’ performance on nationally stanardized tests of
skill and knowledge in math, analytical thinking, and science yield several consistent patterns. To
begin with, much of the variance in performance four years after entering college can be attributed
to preexisting differences at the point of college entry. Among other things, this result highlights
the importance of precollegiate preparation: to a large extent students’ performance at the time of
graduation from college is constrained by precollegiate preparation, regardless of what happens in
college.

Findings regarding other precollegiate (input) factors are a cause for concern. That African
American students perform less well on the graduate admissions tests than would be expected from
their college admission test scores suggests that their undergraduare educational experiences are not
enhancing their scientific knowledge and mathematical skills 1o the same extent as is found witk
members of other racial/ethnic groups. Thus, the substantial gaps in performance between African
Ametrican and other students that already exist at the time of coliege entry are actually widened
during coilege.

A similar scenario characterizes the results for women. Performance gaps favoring men at
the point of college entry appear to widen during the undergraduate years, as reflected in

performance on the GRE Quantitative test and MCAT. A notable exception here is the GRE
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Analytical test, where women actually perform better than do men with comparable SAT scores at
college entry.

As fas as environmental factors are concerned, many of the findings seem to support the
argument that the key to enhancing students’ performance on standardized tests is competitiveness.
Scores on both the GRE Quantitative and MCAT tests appear to be enhanced by exposure to a peer
group with high intellectual self-esteem and “peer competition” among students. That performance
on these two tests is also positively affected by exposure to a peer group that includes a high
proportion of Asian Americans and negatively influenced by a peer group that includes large
proportions of women could also reflect the effects of competitiveness. Asian Amiericans, for
example, tend to excel in math and science. Women, on the other hand, tend to perform less well
than men do on tests of mathematical and scientific knowledge. Moreover, in a study which
compared the environments of men’s colleges with those of women’s colleges (Astin, 1968), the
single factor showing the greatest differentiation was “competitiveness” (men) versus
“cooperativeness” (women).

There are, of course, other possible interpretations of these patterns. As suggested earlier,
peer groups that are high in intellectual self-esteem (as well as peer groups with large proportions
of Asian Americans and small proportions of women) would be likely to include many students
who are interested in science and math and who intend to pursue postgraduate study. Simply
affiliating with such a peer group for four years may well provide the student with a more “science-
oriented” experience which could add something to his or her scientific and mathematical
knowicdge through informal conversations, co-curricular activities, and other out-of-class
experiences. Furthermore, exposure to such a peer group would also enable the student to acquire
more “iricks of the trade” in preparing for graduate and professional school admissions tests.

That GRE Quantitative performance is also enhanced by attending a college where a high
proportion of faculty are in SME fields raises an interesting question concerning the undergraduate

curriculum. Could it be that the general education curriculum in such institutions is more heavily
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weighted toward math and science, simply because of the influence that can be brought to bear by
the sizable contingent of science-oriented faculty?

One possible policy conclusion to be drawn from these results relates to the old practice of
“tracking.” A simplistic application of the results would recommend segregating students with
strong science interests and high intellectual self-esteem from other students. While such a practice
might well enhance the test performance of these elite students, what about the math and science
competency of all the other students? The reader should also be cautioned that predicating any
educational policy or practice simply on studies using standardized tests as the measure of
educational outcomes can be risky. In fact, with the exception of the intellectual self-esteem of the
peer group, the environmental factors that seem to enhance performance on standardized tests
appear to be very different from the factors that enhance performance on a variety of other
importan. cognitive and affective outcomes, including undergraduate degree completion and
enrollment in graduate or professional school. The environmental factors that seem to enhance
standardized test performance are also very different from those that affect the students’ interest in

science (see the preceding chapters).
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CHAPTER 7

Undergraduate Degree Aspirations and the Transition to Graduate School

One of the most important aspects of the career development of scientists is the acquisition of
an advanced degree. Entry into research and university teaching careers is strongly dependent upon
earning a doctorate in an appropriate field. Postgraduate study is also mandatory for those seeking
to enter one of the science-practitioner fields, although an advanced professional degrée is of
primary importance for these fields. The field of engineering, of course, represents a departure
from this pattern, but there are increasing pressures for students to pursue postgraduate education
in this field as well.

Given the importance of pursuing postgraduate studies for those in science and science—
related fields, degree aspirations are an important consideration in understanding how colleges help
to promote undergraduate science achievement. Students interested in science as a subject matter,
for example, may find themselves excluded from science careers because their aspiration for
advanced study declines. Science students may find themselves bored or otherwise “turned—off” in
college, and choose not to seek further study (or pursue studies in a differer * “ield during graduate
school). Financial considerations, both in terms of direct educational costs and potential economic
rewards upon graduation, may also influence interest in graduate and professional education.

This chapter examines two important outcomes of undergraduate science education. First, the
degree aspirations of undergraduates are considered through descriptive and causal analyses.
Patterns of degree aspirations during the collegiate years are examined, as are differences among
students in science and engineering fields. The transition to graduate schoci is then considered,
with a focus on preferred postgraduate fields of study. Given the four year span of time covered by
the current follow—up survey, we cannot examine the question of graduate school performance
with these data. We can, however, study changing patterns of preference and aspirations toward
postgraduate study. A related topic, performance on graduate admission examinations, has already

been considered in Chapter 6.
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Patterns of Change and Stability in Degree Aspirations among Undergraduates

Table 7.1 shows the degree aspirations of students within our follow—-up sample. These data
show that upon entry into college, nearly two-~thirds (63 percent) of the 1985 entering freshmen
aspired to some form of postgraduate study, and that more than one in four (29 percent) aspired to
a doctorate or advanced professional degree. While these figures may seem high, they are
consistent with the long—term trend toward high degree aspirations among college freshmen, and
do in fact represent a substantial increase in aspirations as compared to college freshmen in the
1960s and early to mid—1970s (Dey, Astin, & Korn, 1991).

Four years after entering college, the students in the follow-up sample still express very high
degree aspirations, with about 7 in 10 students (71 percent) being interested in seeking
postgraduate degrees. Despite the maintenance of a high level of interest in seeking advanced
degrees, there are significant shifts in aspirations toward specific degrees. Interest in MA, PhD, and
JD degrees increased during the four years after entering college, while interest in medical degrees
dropped by more than one-half. This pattern of declining interest in pursuing a medical degree is
consistent with the sharply declining popularity in aspirations for a career in medicine (Chapter 3).

While it is clear from Table 7.1 that students enter college with and maintain high degree
aspirations, what changes occur? In other words, where do students with particular freshmen
degree aspirations “end up”? Table 7.2 shows entering degree aspirations crosstabulated with
1989 degree aspirations. Each row in the table displays the percentages of students who end up
aspiring to a certain degree four years later. This table clearly shows a trend toward maintained or
increased aspirations regardless of entering aspiration levels. For example, 66 percent of the
students entering college aspiring to an Associate’s degree report having aspirations for a
Bachelor’s or Master’s degree four years later. Only 13 percent of these students maintained their
original aspiration for an Associate’s degree, while about 1 in 10 (11 percent) had no degree
aspirations after four years. A similar pattern can be seen for students entering seeking a

Bachelor’s degree.
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E&ezojspimu’om, 1985 and 1989 (1985 N = 20,322; 1989 N = 22,109)

—___Aspirations reported in _ Relative

1985 1989 percent change

None .6 2 167
Associate! 4 . 75
Bachelor’s 22 18 -21
Master’s 33 40 24
Ph.D. or Ed.D. 14 17 26
Medical2 10 5 -52
Law3 5 8 56
Other? 3 136
No response 14 7 -54
ncludes those responding ‘Vocational certificate’.
2MD, DO, DDS, and DVM.
3LLB and JD.
4Includes those responding ‘Other’ and ‘Divinity (BD and MDiv)".
Table 7.2
Min_l)c;gree Aspirations (N = 19,115) — —
1985 Degree 1989 Degree Aspirations
Aspirations None AA BA MA PhD Medical Law Other N
None 5 2 28 36 15 3 5 7 131
Associate! 8 13 32 34 6 1 1 5 85
Bachelor’s 3 2 34 46 9 1 4 3 4,852
Master’s 1 1 16 53 18 1 7 2 7,299
Ph.D. or Ed.D. 1 0 9 33 42 5 8 3 3,109
Medical? 1 0 9 24 20 34 10 3 2,194
Law3 1 0 7 25 14 1 50 2 1,206
Other? 3 — 20 41 14 1 10 11 239
All students 2 — 18 43 19 5 9 3 19,115

Note: Percentages total in the row.

lncludes those responding ‘Vocational certificate’.

2MD, DO, DDS, and DVM.
3LLB and ID.

4Includes those responding ‘Other’ and *Divinity (BD and MDiv)".




The percentages for PhD, medical, and law degrees are somewhat more complicated, in that
there is a degree aspiration “ceiling™: a student can’t aspire to a degree higher than that which is
offered. This may help explain the one—quarter to one—third of the students who initially entered
college seeking a terminal degree but who ended up aspiring to & Master’s degree—if the plans of
these students change, they have nowhere to go but down in terms of aspirations. Changing
patterns of interest in different fields probably contributes to the interest in Master’s degrees as
well, since the field of business attracts many majors during the undergraduate years (which, for
many of these students, translates into an aspiration for an MBA). It is interesting to note that of the
three terminal degrees, the PhD gains the most from changing aspirations (although in all cases, the
Master’s degree attracts the most interest among those who changed). It is likely that faculty role
models increase the visibility of the PhD—and occupations requiring a FhD—thereby helping to
attract students who initially aspired to terminal professional degrees.

Students initially seeking Master’s degrees are, as a group, the most consistent in their
aspirations: More than one-half (53 percent) maintained their aspirations during the four years we

studied. Law degrees retain the interest of nearly as many students (S0 percent), while interest in

receiving a PhD is maintained by about four out of ten students (42 percent). Of the degrees at the
baccalaureate level and higher, medical and Bachelor’s degrees have the worst ¢bility to maintain
aspiration level: Only about one-third of the students in each of these two groups maintained their
aspirations (although in the case of the BA this trend is caused by heightened aspiration levels).
How do degree aspirations change for science and engineering students? The answer to this
question can be found in Table 7.3, which shows changing aspiration patterns by undergraduate
major. The first grouping of data shows changing aspiration patterns for those students who
entered aspiring to a Bachelor’s degree. There are some revealing patterns of change across the
major fields considered. For example, one out of every ten biological science students ended up
aspiring to a medical degree after four years, as compared to an average of one in a hundred (or
less) among the other majors. Clearly, the environment within the biological sciences encourages

students to seek medical degrees regardless of entering aspiration levels. The biological and
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Table 7.3
ChanEes in Degree Aspirations By Major Fields
1985 Degree 1989 Degree Aspirations
Aspirations BA MA PhD Medical! Law? N
Bachelor’s degree
Biological sciences 42 32 13 11 1 234
Physical sciences ' 40 44 15 1 0 296
Engineering 38 53 8 0 1 494
All other fields 36 49 9 0 4 3,828
Master’s degree
Biclogical sciences 17 39 25 16 2 310
Physical sciences 14 58 26 1 1 448
Engineering 21 57 17 1 3 1,033
All other fields 18 55 18 1 8 5,508
PhD or EdD
Biological sciences 11 17 37 33 2 444
Physical sciences 8 27 60 3 1 401
Engineering 12 46 36 2 4 419
All other fields 11 36 41 2 11 1,848
Medical degree!
Biological sciences 9 14 13 62 2 1,499
Physical sciences 7 15 36 40 3 142
Engineering 13 30 18 33 6 79
All other fields 14 32 23 15 16 474

Note: Tabulations based on FUSALL sample. Percentages total in the row. Aspirants to AA, vocational certificates,
and other degrees excluded.

IMD, DO, DDS, and DVM.
211B and JD.

physical sciences also seem to ‘convert’ the interest of one in seven baccalaureate students (13 and
15 percent, respectively) to the PhD, in comparison to less than one in ten for engineering and the
other major fields. Despite their relative lack of interest in PhDs, baccalaureate engineering students
also have increased degree aspirations: Over one-half (53 percent) are interested in Master’s
degrees four years after entering college.

Turning now to the students who entered college aspiring to a Master’s degree, we see that
students in the biological sciences are the least likely to maintain their entering aspiration. Once

again, medical degrees are very attractive to these students, and the result is a sharp decline in
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interest in a Master’s degree. As with the trends found among entering baccalaureate aspirants, we
see a relatively large number shifting to the PhD four years later, especially among those in the
biological and physical sciences.

Among those students who enter college aspiring to the PhD, we see that students in the
physical sciences are most likely to maintain their aspirations. In comparison to students in the
biological sciences and engineering, students in the physical sciences are about 80 percent more
likely (37 and 36 percent, respectively, versus 60 percent) to still aspire to a PhD after four years.
For those in the biological sciences, the medical degree is the main recipient of those defecting
from the doctoral ranks, while the master’s degree is the main recipient for engineering students. It
may be that as students become more knowledgeable about career paths in engineering, they are
more likely to adjust their aspirations downward toward traditional career paths.

Aspirations for medical degrees again show how different the culture is in the biological
sciences. Six out of ten biological science students maintained their aspirations for medical
degrees, which is one—third more than that found among the physical science students (62 percent
versus 40 percent). If students change their mind about the MD, to what degrees do they end up
aspiring? Again, we see u clear differentiation between the patterns in the science and engineering
fields. Students in the biological sciences who abandor; their aspirations for the MD are evenly split
between the MA and the PhD. In contrast, physical science students who defect tend to prefer the
PhD as a secondary option by about two to one over the MA (36 versus 15 percent). Engineering
students show the reverse pattern, preferring instead to seek the MA. These changes clearly reflect
not only the changing preferences of students in these fields, but also the traditional career paths in
these fields.

What do these changing aspiration patterns tell us? First, they tell us that students’
aspirations are high upon entry into college, and they remain high during the college years. While
their aspirations are largely consistent with their career choice patterns, much of this may also be
attributed to generally high achievement levels. The data also reveal some interesting patterns of

change. These patterns teli us something about career paths and disciplinary cultures, as well as
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raise some interesting policy questions. For example, there appears to be a strong orientation
toward medicine among the students who are majoring the in biological sciences. If faculty
respond to this orientation, what implication does this have for general science education? Are the
introductory courses aimed at meeting the needs of future scientists, do they seek to prepare
students for medical careers, or is general scientific literacy the goal in these departments? If
students are ‘tracked,” which track gets the best teachers?
Student Background and Environmental Characteristics Related to
Gains in Degree Aspiration

Although there are some interesting patterns found in the descriptive data presented above,
our interest now turns to the question of what environmental characteristics influgnce patterns of
students’ degree choices. To answer this question, we will employ the analytical technique
described in Chapter 2 and elsewhere in which entering student characteristics are statistically
controlled prior to examining potential environmental impacts.

In defining the dependent variable for these analyses, we recoded the 1985 and 1989 degree
aspirations into the following five~point ordinal scale:
None
Associate degree or less

Bachelor’s degree
Master’s degree (including divinity degrees)

[ IS VS S

PhD, EdD, medical, and law degree

Although there are obvious and distinct differences between the doctorate, medical, and law
degrees, there is not a clear hierarchy of asnirations among them. Since they all represent terminal
degrees in their respective fields, we shall consider them as one for regression purposes.

Separate regression analyses were conducted for the science and engineering students, and
the results were similar to those found in the regression for the entire student sample. This
suggests that the factors that influence students’ aspirations are similar for all students, regardless

of their field of study. Given the added stability in the larger all-student sample, the results
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presented below are based on this larger analysis. Similarly, since gender did not enter as a

significant predictor of degree aspirations, separate gender analyses were not conducted.

Freshman predictors

What entering characteristic's predict degree aspirations four years after entering college? The
fact that the pretest measure of degree aspirations in 1985 has only a modest correlation of .35 with
1989 aspirations suggests that there is a great deal of switching among the individual students
surveyed in 1985 and 1989 (which we have already discussed). What other entering characteristics
are associated with these changes in aspirations? Table 7.4 shows that by far, the largest weights
are associated with the following three input characteristics: intellectual self-esteem, SAT verbal
score, and attending college ‘to prepare for graduate or professional school.” Substantial positive
weights are also associated with socioeconomic status, having an orientation toward social
activism, being African American, and having high school grades. Other positive (but weaker)
predictors include being oriented toward feminism, tutoring other students in high school, the
number of biology courses taken in high school, being oriented toward status striving, having as
an important reason for attending college ‘to make me a more cultured person,’ having a father

who is a physician, and the number of physical science courses taken in high school.

Environmental effects

After first controlling for differences in student input characteristics, we are now in the
position to begin looking at the effects of the college environment. Table 7.5 shows those effects
that are associated with initial campus environments (i.e., those that are known at the point of
freshman entry). Initial environmental variables that are associated with increased degree
aspirations include plannirg on majoring in the social sciences, education, and the biological
sciences. Although majoring in education has a simple correlation with 1989 degree aspirations
which is negative, the correlation becomes significantly positive when input variables (such as SAT

verbal, socioeconomic status, and high school grades are controlled). Pre-law and pre-medical
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;:g?i(;lr.z‘;hip of Significant Student Input Characteristics with Degree Aspirations in 1989
I (FUSMAX saraple, n = 14,339)
B on entry
l into the B at final
Simple r equation input step
l Degree aspiration (1985) .35 .35 .19
Intellectual self-esteem .26 17 .05
Verbal ability (SAT-V) .24 12 d1
I' Reason for college: Prepare for graduate school .28 .13 a1
Socioeconomic background AR .07 .07
. Orientation toward activism .14 .07 .07
Student’s race: Black .04 .06 .07
. High school grade point average 19 .07 .04
- Orientation toward feminism .10 .05 .04
High school activity: Tutored another student 17 .05 .04
Years of high school study: Biology .07 .04 .04
Orientation toward status striving .01 -.04 -.04
Reason for college: To become more cultured 1 .03 .03
Years of high school study: Physical sciences A2 .03 .02
Father’s occupations: Physician .09 .03 .03
Rank in high school class .16 .03 .03
Born-again Christian -.05 -.03 -.03
Life goal: Write original works 10 .02 .02
Was depressed in high school -.03 -.02 -.02
High school activity: Performed volunteer work .10 .02 .02

students are also likely to increase their degree aspirations, as are those who enter college with an
interest in being research scientists. On the other hand, students in engineering, business, and
other fields are likely to decrease their aspirations over time. Students who live at home or in
private off-campus housing are also likely to decrease their aspirations, suggesting that immersion
in the campus environment [through housing or activities] is an important contributor to promoting

high degree aspirations.
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ITnaitt)il;l -givironmemal Effects on Degree Aspirations in 1989 (FUSMAX sample, n= 14,339)
) B after B at final
control of step of
Simple »  input variables  current block
Freshman major choice: Social sciences 12 .05 .05
Freshman major choice: Engineering -.03 -.04 -.03
Freshman major choice: Business -.14 -.04 -.03
Freshman major choice: Other fields -.07 -.02 -.02
Freshman major choice: Education » -.03 .03 .03
Freshman major choice: Biological sciences 10 .03 .02
Freshman career choice: Lawyer 13 .04 .04
Freshman career choice: Physician 17 04 . .05
Freshman career choice: Research scientist .08 .03 .03
Freshman residence: At home or with relatives -.10 -.04 -.03
Freshman financial aid: State scholarship .02 .03 .02
Freshman residence: Private off-campus housing -.02 -.02 -.01

The data in Table 7.6 shows that the most potent environmental variable influencing students’
degree aspirations is the Humanities Orientation of the faculty. The Humanities Orientation of the
faculty represents the degree to which faculty embrace a traditional liberal arts program. The small,
highly selective colleges exhibit the strongest orientations toward the humanities, while the larger,
nonselective institutions show the weakest. It may be that by embracing these values, faculty help
provide role models for staying part of the academic system. Attending a college where the
students have high levels of science preparation, and where the faculty are student—oriented also
helps promote increased aspirations.

The size and consistency of the effect of Humanities Orientation on degree aspirations can be
seen in Table 7.7. Regardless of the student’s initia] level of degree aspirations in 1985, the
Humanities Orientation has a consistent positive effect: with each increasing level of Humanities
Orientation, higher proportions of students indicate in 1989 that they plan to obtain the doctorate or

advanced professional degrees. Without exception, the percen: of students aspiring to advanced




};?zsgioagental Eiects on Degree Aspirations in 1989 (FUSMAX sample, n= 14,339)
B after B at final
controi of step of
Simple r input variables  current block
Humanities orientation of faculty .19 .09 .06
Peer environment: High level of science preparation .18 .05 .06
Student orientation of faculty .08 .07 .05
Percentage of faculty who are women .04 .05 .03
Peer environment: Level of outside work -.12 -.04 -.03
Faculty relations with students -.17 -.05 .03
Major dominated curriculum .02 -.01 -.02

Table 7.7

Effect of Humanities Orientation on Asgirations Jfor Advanced Degrees (un weighted data)

Percent aspiring for advanced degrees2 in 1989 by

1985 level of institutional humanities orientation
Degree Very low Low High Very high
Aspiration N (N=4,356) (N=5,088) (N=4,782) (N=4,758)
Doctorate or

Advanced

Professional 6,509 46 58 61 66
Master’s 7,346 21 23 27 35
Bachelor’s 5,041 10 13 15 19
None or less

than Bachelor’'s 216 11 16 19 38

4 PhD, EdD, MD, DO, DDS, DVM, JD, BD, or MDiv.

degrees, at every level of initial degree aspiration, increases with each increasing level of
Humanities Orientation. Interestingly enough, this may well be, in part, a peer group effect, since
the percent of freshmen aspiring to the doctorate or advanced professional degrees increases
regularly with each increasing level of Humanities Orientation: 25, 29, 35, and 48 percent of

freshmen, respectively, entering institutions with very low, low, high, and very high Humanities

Orientation,




Effects of involvement

A number of involvement measures are significantly associated with degree aspirations, after
first controlling for the effects of entering student and environmental characteristics (Table 7.8).
Most potent among these is the student’s undergraduate GPA. While we cannot be absolutely
certain about the direction of causation involving GFaA, it certainly seems likely that the student’s
undergraduate grades can influence their plans for further education (Drew & Astin, 1972). A
number of other involvement measures highlight the importance of student—faculty interaction in
Table 7.8

Student Involvement (intermediate outcomes) and Their Effects on Degree Aspirations in 1989
(FUSMAX sample, n= 14,339)

B after

control of B after p at
Simple r  input variables environments final siep

College grade point average .27 .19 17 13
Hours per week: Talking with faculty

outside class .18 13 10 .04
Took interdiscipiinary courses .24 13 .09 .05
Left college -.20 -.15 -.09 -.07
Work on professor’s research project .15 11 .09 .06
Took essay exams .20 13 .09 .05
Tutored other students 17 A1 .10 .05
Discussed course work with other students .18 12 .09 .04
Participated in college honors program 25 12 .10 .04
Had group projects in class .00 .03 .01 -.04
Participated in organized demonstrations 17 .08 .06 .03
Hours per week: Studying 17 .09 .07 .03
Had faculty critique paper .19 12 .09 .03
Socielized with someone of different

racial group .15 .07 .05 .03
Hours per week: Hobbies -.04 -.03 -.02 -.02
Number of years in school .16 .10 -.03 -.03
Got married during college -.09 -.05 -.03 -.02
Worked full-ime during college -.07 -.04 .00 02
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raising students’ degree aspirations: hours per week spent talking with faculty outside of -lass,
working on professors’ research projects, and having cla.s papers critiqued by instructors. Other
positive correlates of degree aspirations include enrolling in interdisciplinary courses, taking essay
exams, tutoring other students, enrolling in honors programs, participating in campus
demonstrations, socializing with students from diffeic t racial/ethnic groups, number of science
courses taken, and number of history courses taken.

These findings stress the importance of many different kinds of involvement in promoting
heightened degree aspirations. Students who do well in school, are actively engaged in academic
and co-curricular activities, and who are challenged by their teachers and their course work are
likely to want to continue on. Together with the environmental findings related to the humanities
and student orientation of faculty, these results suggest the importance of an environment and a
process that is conducive to learning. It may be that at institutions which are characterized by such
conditions, the so-called ‘hidden curriculum’ is not so hidden. In these cases, rather, it is self-

evident.

The Transition to Graduate School and the Choice of a Field of Study

Although aspiring to postgraduate study is an important element of science training, the proof
of the pudding is in the eating: which students actually enroll? In order to get a sense of the ways
in which students in the sciences implement the transition to graduate school, we will in this
section examine postbaccalaureate educational activities as well the choice of a graduate field of
study.

What plans do the students in our sample have for the fall of their fifth year since entering
college (Fall, 1989)? Table 7.9 shows that while about one-half of the students (51 percent) plan
on working full-time, an equal number plan to continue their education. About onethird of the
sample (32 percent) reported that they planned to continue their undergraduate studies on either a
full- or part-time basis, while about one in five (19 percent) planned to attend graduate or

professional school. The split between plans for undergraduate and graduate study is
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Table 7.9

Plans for Fall of Fifth Year After College Entry (Fall, 1989)

Anticipated activity Percent
Attending undergraduate college full-time 27
Atending undergraduate college part-time S
Attending graduate or professional school 19
Attending a vocational training program .7
Working full-time 51
Working part-time 21
Serving in the Armed Forces 2
Traveling, hosteling, or backpacking 6
Doing volunteer work 9
Staying at home to be with (or start) my family 5

|
|
1
|
i
!
|
i
|
i
i
!
]
|
|
|
1
|

Notes: Tabulations based on FUSALL sample. Percentages total more than 100 due to multiple responses.

probably related to the increased amount of time—relative to past decades—it takes contemporary
students to earn a hachelor’s degree. Previous research (see for example, Dey & Astin, 1989) has
shown that retention rates have dropped dramatically over the past 25 years. This decline may be
due to changing levels of preparation and patterns of financial support (e.g., more part—time work
versu.s grants), but regardless of the correct explanation, these data show that for many able
students the myth of the four—year degree is simply that.

Are plans for future education similar for all types of students? Table 7.10 shows how plans
for study vary by college major. Biological sciences are the most likely to immediately make the
transition to graduate school, with over four out of every ten planning on making the jump
immediately. The percentage of students in physical science continuing on directly is also relatively
high (31 percent versus an overall average of 19), and these high numbers are probably a reflection
of several things: relatively high incoming levels of preparation among the students, coupled with a

strong desire and need for postgraduate study.
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Table 7.10

Plans to Attend Graduate School in Fall, 1989, by College Major
Major field Percentage
Biological sciences 41
Physical sciences 31
Psychology 26
Health professions 25
Social sciences 24
Humanities 22
Engineering 18
Arts 14
Other 12
Education 12
Architecture 12
Business
Nursing 3
Undecided 2
Total 19

Note: Tabulations based on FUSALL sample.

Engineering students are about average in terms of their plans to continue directly on into
graduate school. In comparison to other fields, two factors may be at play. First, regardless of
entering preparation level, many engineering programs operate on a de facto five—year plan making
it unlikely that many will be eligible to continue directly into graduate school. As a practice—
oriented field, many graduate engineering programs see it is a plus to have some work experience
prior to receiving advanced training, thereby making it less attractive to continue directly on (at
least on a full-time basis).

Table 7.11 gives us a sense of such ficld~based variations, which shows these transition
patterns in much more detail. The first column in Table 7.11 shows us the percentage of students
who planned at the time of the follow—up survey to continue undergraduate work in the Fall of

1989. These percentages range from a high of 67 percent for architecture [although the popularity
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Table 7.11
Scheduling of Plans for Future Educational Pursuits, by College Major

Of not continuing with undergraduate
studies in Fall 1989, the percentage who

Plan to begin
graduate Plan to Have
Continue studies, return to no plans Total
Major field undergraduate work!  Fall 1989  school later? to return3 N
Architecture 67 4 4 4 124
Arts 41 26 20 54 740
Biological sciences 30 61 8 31 1,867
Business 37 15 26 59 3,743
Education 4] 24 35 42 1,791
Engineering 47 37 17 47 1,914
Health professions 38 45 16 39 302
Humanities 28 33 21 46 3,134
Nursing 42 8 35 57 340
Other 42 25 23 52 3,733
Physical sciences 29 46 13 41 1,509
Psychology 28 39 18 42 1,360
Social sciences 24 34 17 48 2,827

Notes: Tabulations based on FUSALL sample.

Hncludes those planning additionat undergraduate work in Fall, 1989.

2Defincd as those who aspire toa degree higher than that currently held, and who do not plan graduate studies or
additional undergraduate work in Fall, 1989.

3Defined as those who do not aspirc to a degree higher than that currently held.
4Not reported due to small N.
of 5—year architecture program may account for this high figure} to a‘low of 24 percent for the
social sciences. Both the biological and physical sciences have relatively low percentages of fifth—
year students, which is most likely due to relatively high entry preparation and short time—to—
degree. Engineering students, in contrast, have one of the highest percentages of fifth year students
(47 percent). This, as noted above, is likely due to the five—year structure of many engineering
programs.

Columas 3 through 5 in Table 7.11 show the percentages of those students who were not

planning on additional undergraduate work in Fall, 1989 in each of three mutually—exclusive
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categories of future educational plans. Column 3 shows the percentage who plan to enter graduate
school directly, column 4 shows the percentage of students who plan to enter later, and column 5
shows those students who have no further educational plans.

Column 3 shows how students in the sciences and the health professions are the most likely
to continue directly on into graduate or professional school. Six out of every ten biology students
plan to enter graduate or professional school in the fall of the fifth year, while slightly under half of
the physical science students (46 percent) plan to do the same. Forty—five percent of the students
majoring in the health professions plan to continue on directly. Engineering, by way of contrast,
sends 37 percent of its students directly into graduate school. Business and nursing students are
the least likely to continue directly on (15 and 8 percent, respectively).

Turning now to the percentages of students planning to return later (column 4), we see that
the sciences (and the health professions) have relatively low numbers of students planning to
continue on later. This suggests that if students in the sciences do not continue on directly, they are
unlikely to ever plan to continue on. Fields such as education and nursing have, in contrast, large
numbers of students planning to continue on in the future. In large measure, of course, this is due
to the reality of advancement in those fields, which is dependent upon experience as well as
education.

Business, nursing, and the arts are fields with very high percentages of students planning no
postgraduate work (59, 57, and 54 percent respectively). Biological science has the smallest
numeer of students planning no postgraduate study (31 percent), while physical science has a
slightly higner percentage in this category (41 percent). About one-half of the engineering students
plan no future studies.

Now that we’ve considered the timing of plans for future study, we will examine the
question of field of study. This question can be phrased in two different ways: What are the
graduate field destinations of different undergraduate majors, and what are the undergraduate major
sources of graduate students in various fields? These two questions will be considered in turn,

with the question addressing sources being limited to science fields.
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Table 7.12 presents a simplified version of a ‘destination’ table similar to the one presented in
Chapter 3. In it, we display the percentages of students planning graduate study in the same fie'd
of final undergraduate major. In addition, we display the percentage of students from various fields
planning on graduate study in business, as it is a major field of study at the graduate level. The
percentages remaining in the same fields (column 1) show a great deal of variation, ranging from
90 percent in business to 38 percent in the social sciences. The sciences and engineesing fall
toward the middle of the distribution, indicating that there is moderate stability in the major field
choices made by these students. The second column, showing percentages of students interested in
graduate study in business shows some very interesting patterns. As noted before, 90 percent of
undergraduate business majors plan to major in business at the graduate level as well. Students in
education and the biological sciences, in contrast, have almost no interest in this field at the

graduate level (3 and - percent, respectively). What is interesting, however, are the fields such as

Table 7.12
Percentage of Undergraduate Majors Planning Graduate Study in Same Field or in Business

fercentage planning

graduate study in same Percentage planning
field as undergracuate major graduate study in business
Architecture 75 11
Arts 62 9
Biological sciences 65 4
Business 90 90
Education 78 3
Engineering 59 29
~Health professions 72 13
Humanities 53 14
Nursing 82 10
Physical sciences 55 15
Psychology 57 11
Social sciences 38 38

Note: Tabulations based on FUSALL sample.
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engineering and the social sciences where hefty percentages of students plan postgraduate work in
business: Nearly one~third of the engineering students are planning graduate work in business!
This tendency is also strong for students in the social sciences, where gqual numbers plan future
study in the social sciences and business.

The question of sources of graduate students in the sciences is addressed by the data in Table
7.13. These data show that three fourths of graduate students in biological and physical science
fields come initially from these same fields, and that four-fifths of engineering graduate students
come from engineering. Indeed when we consider all undergraduate SME fields together, more
than 80 percent of graduate students in the natural sciences and more than S0 percent of the
graduate students in engineering come from underg.aduate SME fields. These figures reinforce the

notion that science is pretty much a “one-way” street. The lack of diversity in terms of the rate at

Table 7.13
Major Field Sources of Graduate Students in Science-related Fields

Percent of those planning graduate study in
science-related fields from different majors fields

Undergraduate Biological Physical

Major Field Sciences Sciences Engineering  Medicinel
Architecture 0 0 0 0
Arts 1 0 0 1
Biological sciences 72 2 0 44
Business 0 3 1 0
Education 1 3 0 4
Engineering 2 7 82 2
Health professions ] 0 0 21
Humanities 4 1 1 4
Nursing 0 0 0 0
Other 6 5 6 8
Physical sciences 8 76 9 5
Psychology 3 0 0 8
Social sciences 2 3 ] 4

Note: Tabulations based on FUSALL sample. Percentages total in the column.,
1MD, DO, DDS, and DVM.
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which students switch fields is also an indication of the strong disciplinary boundaries found in
most SME fields. These boundaries occur not only between specific SME categories (physical
science, biological science, etc) but also between SME and nonscience fields. Medicine, as an
applied science field, attracts the most students from outside of science (although the lion’s share
still comes from the fields most directly related to medicine: biological sciences and the health

professions).

Summary

Students’ degree aspirations are an important aspect of undergraduate science education,
given that the post-baccalaureate training is essential for many science-related careers. In this
chapter we have exaﬁlincd how students' aspirations for advanczd training changed during the
undergraduate years and attempted to identify various personal and environmental factors
associated with these changes.

The students in our sample entered college with very high aspirations and generally
maintained or even increased these aspirations during the undergraduate years. Substantial
increases in student interest in all post-baccalaureate degrees were observed, except for medical
degrees, where there was a very large decrease. These changes vary, however, by field of study.
Controlling for initial (freshman) degree aspirations, we find that during college, students initially
majoring in the biological sciences gravitate toward the MD degree, that physical science students
gravitate toward the PhD, and that engineering students gravitate toward Master’s degrees (most
commonly the MBA). To a large extent these changes may simply reflect students’ increasing
understanding of which degree is most appropriate for which field.

Longitudinal multivariatc analyses show only a modest correlation between initial and follow-
up degree plaus, reflecting the substantial switching that occurs during the undergraduate years.
Entering freshmen characteristics that are most strongly associated with increases in degree
aspirations include intellectual self-esteem, SAT verbal score, and an initial intention to attend

college in order to prepare for graduate or professional school.
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Environmental experiences most closely associated with aspirations for advanced degrees
include living on campus during the undergraduate years, academic performance in college,
frequent interaction with faculty, and attending an institution with a very strong emphasis on the
humanities. In short, these findings reinforce the idea that students’ aspirations for advanced
degrees are influenced both by the peer environment and by the faculty. Somewhat ironically,
large universities—the very institutions that produce the bulk of the advanced degrees in the
sciences—appear to have a negative impact on undergraduate students’ aspirations for advanced
degrees.

The graduate fields of study chosen by the students at the iire of the follow-up survey reflect
once again the “one-way” street that characterizes changes in the undergraduate student’s interest in
postgraduate study in science. That is, only small numbers of students (between 5 and 15 percent,
depending on the science-related field) are recruited into postgraduate study in the sciences from
nonscience fields. That there is also relatively little switching among different SME fields between
the undergraduate and graduate years, suggests the presence of rather strong disciplinary

boundaries separating various SME subtields.
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CHAPTER 8§

How Undergraduates Experience Science Education
The preceding chapters have examined factors influencing students’ choices of science-
related majors and careers, their acquisition of scientific knowledge and quantitative skills, and
their academic success in college and entry to graduate school. In this chapter we focus on the
undergraduate’s experience with science courses, faculty, and facilities. We shall also examine
factors influencing their interest in contributing to scientific theory and knowledge. By way of
introduction to the empirical analyses relating to these topics, we begin with a brief review and

discussion of some relevant literature.

Background

College students planning careers in science need to see and learn from professors who are
excellent research role models. Instead, they read about increasing reported instances of scientific
fraud. More to the point, they rarely are taught by instructors who are actively engaged in research
and can model this process for them.

Many undergraduates at large universities are taught by teaching assistants. Abcut half the
graduate students in many science and engineering disciplines are international students and the fact
is that many of them do not have a full command of English. According to an article in the
National Academy of Scienices Journal, “The majority of these foreign born engincering students
come from countries where the language and culture are likely to be significantly different from
those of most native born U.S. citizens” (Penner, 1988, p.78).

Another reason for the lack of good role models has to do witli the stark contrast between the
distribution of federal funds and the distribution of talented academic scientists. In his book,
Strengthening Acagemic Science, Drew (1985) discusses how this disparity threatens the
productivity of a generation of young researchers. For many years, federal funds for university

research have been concentrated in a few instilutions. Roughly half the federal suppert for basic
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research in many disciplines is awarded to the top 20 universities every year. But Drew’s data
suggest that the top young researchers may not be at the top 20 institutions. Because of the
demography of the academic world over the past 15 years—in particular the “tenure log jam” in
which many leading institutions have virtually no job openings—the most talented new Ph.D.s
frem the best departments who choose academic careers often take jobs in the second and third tier
institutions. Thus, most of the best young physicists from Harvard, Berkeley, and Michigan are
not taking jobs at similar institutions; rather, they gravitate toward schoc's like the University of
Arkansas and North Dakota State University.

Drew reports analyses from surveys of 60,000 scientists and hundreds of interviews with
scientists and administrators. The data reveal that the continued concentration of federal science
funds may be destroying the potential productivity of brilliant young scientists at second and third
tier universities. Furthermore, these new PhDs then are unable to demonstrate to undergraduates
what the research process looks like. And, of course, they are unable to engage undergraduates
directly as participants in that research process. Collcge students who hear young professors talk
about the excitement of research, but note that these same professors are not conducting much
research, are probably less likely to choose careers as scientists.

This situation is made more serious by the fact that there are vast numbers of students, many
of them highly capable potential scientists, enrolled at these universities. While some of the recent
literature about future scientists focuses on the Ivy League and other elite research universities and
some discusses the Antioch, Pomona, or other selective liberal arts colleges, the fact of the matter
is that there are far moré students enrolled in the large state universities. Thousands more of our
young people are attending schools like Montana State, Kansas State, and the University of
Missouri rather than schools like Harvard, Stanford, and Oberlin.

Role models and mentors are just as important for ¢lementary and secondary school students.
Senator John Glenn recently gave a vivid description of how his interest in science was stimulated

by a high school teacher who invited Glenn to join him and his family on a summer vacation rip.
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Senator Glenn described with great enthusiasm how he saw steel being made in Pittsburgh and

how they visited Niagara Falls where he watched the generators in awe.

Attitudes Toward Mathematics

Research is revealing that mastery of math is one of the most important factors relating to an
individual’s success in college and beyond (see also Chapters 6 and 7). Furthermore, virtually
everyone can learn advanced mathematical concepts, even those who start late. Negative attitudes
about math achievement are based on incorrect assumptions about who can learn this subject.

The avoidance of math may well be the hidden factor that explains a surprising percentage of
the career decisions made by young people (see especially Chapters 4 and 5). There are people
who want to be doctors and dentists but who choose other careers so they won’t have to take math
in college. One of our site visitors overheard an academic counselor ar a large technical university
who works with community college transfers report that she repeatedly is told “I’d like to major in
—» butIcan’tdo math so I'm going to become a teacher instead.”

A recent College Board study about success in the SATs and college concluded that the key
factor is mathematics. In fact, Donald Stewart, president of the College Board, says that “Math is

the gatekeeper for success in college.”

Achievement, Self-Concept and Aspirations

Even when our educational system works for Anglo, middle-class, male children, it
sometimes discourages females and minorities from careers in science, mathemstics, and
engineering. As noted above, in recent years more than half of the PhDs in engineering nationally
were awarded to foreign students. The percentages awarded to women, blacks, and Hispanics
were dismally low. The silver lining around this particular cloud is that these previously neglected
students represent a large source of very capable future scientists.

Contributing to the problem are the attitudes and expectations held by some teachers about the
capabilities of girls and minority students. Qne of our project staff teaches about multivariate

statistical analysis in the PhD program at The Claremont Graduate school. He has encountered
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statistical analysis in the PhD program at The Claremont Graduate school. He has encountered
many students, especially women and minority students, who feared math and were sure they
could not do it. Virtually all of these students then discover they are capable of understanding and
conducting sophisticated statistical analyses like hierarchical multiple regression. Their negative
self-image often derives from an elementary school teacher with a sexist or racist attitude, a person
who thought, “Girls can’t do math,” and managed to traumatize a student who now must be
convinced about her real ability. Sheila Tobias (1978) has studied “math anxiety” and has shown
how and why this affliction is particularly prevalent among women.

Many people have become aware of the extraordinary accomplishments of Jaime Escalante.
This mathematics teacher at Garfield High School in East Los Angeles successfully prepared many
Latino and other minority students from poor families to take the Educational Testing Service
Advanced Placement test in calculus. The movie “Stand and Deliver” told this story well. But, the
most important message from this experience is not that Jaime Escalante is an extraordinary and
successful teacher, although this is certainly true. The message is that many poor, minority high
school students, who otherwise might have been considered incapable of mastering calculus, did
just that when they were taught by such a creative instructor.

Many teachers erroneously believe that certain kinds of students can’t do math. Students, in
turn, often incorporate those devastating myths into their self concept and then lower their

aspirations, thereby short-changing what they can do with their lives.

Cooperative Learning

Some of the most exciting research about how people learn math was carried out by Uri
Triesman, when he was a graduate student at Berkeley. While a teaching assistant in calculus
courses, Triesman observed that the African-American students performed very poorly while the
Chinese students excelled. He did not accept the conventional wisdom that the low achievement
rates of African Americans students was due to such factors as their parent’s poverty or the poor

schools they attended as young children. He thought that it had to do with how they studied, what
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Chinese and African-American students. He found that the Chinese spent longer hours studying
than other students and that they frequently studied together in groups, even creating extra
home»~ork problems to solve as a group. Triesman then developed an experimental workshop in
which he replicated these interaction and study patterns with the African-American students. The
results were astounding. The African-American students went on to excel in calculus.

Triesman found that, in comparison to students who entered college with a given SAT
performance level, his workshop minority students consistently out-performed both Anglos and
Asians. A central component of the workshop approach was to stretch the students to excel by
giving them extra, advanced problems. Many of these minority students had been experiencing
difficulties and failure in the pre-workshop era, in part because they were high school
Valedictorians who rzsented and rejected an approach based on remediation. In short, one key to
Triesman’s success was his focus on self-concept. Triesman treats them like the winners they can
be, not like helpless losers.

A critic might note that those African-American students already were good enough to be
admitted to Berkeley. Would these methods work in other colleges and universities and would
they work with students of other ethnic backgrounds? Martin Bonsangue, in collaboration with
one of our project staff, David Drew, are currently utilizing a grant from the National Science
Foundation to explore these questions. Bonsangue has completed analyses of data he gathered
about a workshop program based on the Triesman model that has been implemented at Cal-Poly
Pomona. This institution has the oldest and best established workshop program in the country.
The preliminary results show precisely the kind of dramatic improvement from the Cal-Poly
workshops that Triesman found at Berkeley. Tlis evaluation revealed that the effects are not
limited to one ethnic group; the calculus achievement of Latino workshop students improved
dramatically. Furthermore, the effects persisted through the college years. For example,

workshop participants are much less likely to drop out of SME majors (Bonsangue & Drew, 1992).




Peer Group Effects

James Davis (1966) began a theoretical exchange in his now classic “frog pond” article, in
which he applied the theory of relative deprivation, first elaborated by Samuel Stouffer in his
studies of the American soldier (Stouffer and others, 1949), in a special analysis of the aspirations
of college seniors based on data from the National Opinion Research Center (NORC). Essentially,
relative deprivation theory asserts that people increase their self-esteem and aspirations if they are
“big frogs in a little pond.” Thus, Davis argued that undergraduate career choice is a function of
“academic self-concept,” which, in turn, is based in part on the student’s assessment of his/her
performance relative to that of other students in the same school. To support this hypothesis, he
reported data showing that the graduating senior’s career choice is more highly related to his
college grade point average (a local measure of performance) than his school’s quality or reputation
(a measure which reflects the national distribution) when initial freshman career choice and aptitude
are controlled. Unfortunately, Davis was forced to work with rather limited measures of both
school quality and scholastic aptitude. |

A different school of thought is represented by the environmental press theorists, who argue
that students’ achievement and aspirations are a function of the social context. Basically this theory
differs from relative deprivation theory in the role that it assigns to college quality or selectivity.
According to the relative deprivation theory, selectivity should have a negative effect on aspirations
because it has a negative effect on academic achievement (that is, a given student will have a harder
time getting good grades at a highly selective college). Environmental press iheory maintains that
selectivity should positively affect aspirations, since an undergraduate will perform best and aim
highest at a school where most fellow students have high aspirations and are superior
academically. Werts and Watley (1969), using a multiple regression model with a national sample
of undergraduates to test the relative predictive power of the two theories, reported findings which
tended to support relative deprivation theory; but they, too, lamented their cruciai missing link —a

measure of academic self-concept.
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Drew and Astin (1972) tested these theories with the CIRP longitudinal data base. A basic
assumption underlying their work was that these middle-range theories belong in a conceptual
framework within the context of reference group theory. Reference group theory, of course, has
been invoked to explain undergraduate phenomena beyond that of career aspirations (Drew, 1969).
In addition, it has been shown that what appear to be college effects can vanish when the input
characteristics of the student body are controlled (Astin, 1968). A complete analysis of student
body reference group impact requires that all possible control variables be considered. Drew and
Astin controlled simultaneously a rather lengthy list of variables. In addition, they had available,
through their use of the CIRP data base, several critical variables that had been missing in previous
analyses. Their results showed that the two theories (relative deprivation and environmental press)
were both valid, since each had an effect on specific kinds of educational aspirations, and that
previous investigators who had forced a choice between the two theories had been creating a straw
man.

Drew and Patterson (1973) repeated the tests of these theories with the CIRP data base,
carrying out the analyses separately for men and women. Their results indicated that relative
deprivation was more pronounced for the men than for the women. That is, women needed a
stronger absolute indicator of their ability, for example, faculty praise for an outstanding project,
before they were sufficiently motivated to increase their aspirations (particularly in the mid 1960s,
when the data were collected). These results were consistent with other research (Horner, 1971)
on the development of career goals and educational aspirations among women.

Alexander and Eckland (1975) differentiated two dimensions of the student body, ability and
social status, and found that each affected the student’s educational attainments differently. The
“college environment” is not a single entity; its components and effects must be analyzed carefully.
Basis (1977) argued that reference group effects can be isolated more effectively using multiple

linear path analysis models.
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Methods

The dependent variables examined in this chapter are:

* Student satisfaction with science and math faculty, curriculum, and resources.

» Career activity goals, especially making a theoretical contribution to science
The key intervening (“involvement” or “intermediate outcome”) variables, each of which

can be considered as an important outcome in its own right, are:

» Self-rating of mathematical ability

» Worked on a professor’s research project

» Assisted faculty in teaching a course

» Worked on an independent research project

For most of the analyses reported below, a subsamplc of respondents was used consisting of
those students who were still in college at the time the 1989 follow up survey was done. This
group consisted of 12,197 students. Of these, 2,697 were science majors, defined as those who
are in either the biological sciences, the physical sciences, or engineering (1,513 men and 1,184
women).

Responses to each of the key variables will be presented separately for: science and non-
science majors, men and women, and ethnic groups. As noted above, a major concern in the
science policy literature is the continuing underrepresentation of women and minorities in SME.
This study examined attitudinal factors that may affect the career development of women and
minority students.

Individual pre-college attributes (inputs) that affect the dependent variables were identified.
More to the point, however, was the identification of environmental factors in the college
experience that affect students’ college experiences and shape the development of their attitudes
about science from the freshman to the senior years. As discussed above, considerable research
has demonstrated the effect of reference groups, e.g., faculty, family, and peers upon
undergraduates (see, for example, Drew, 1969; Drew & Astin, 1972; Astin, 1968; Bowen, 1968;
and Dey, 1990).
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Results
Satisfaction

In this section we shall first present descriptive statistics for satisfaction, goals, experiences,
and self concept, and then present the results of regression analyses using these variables as
outcome measures.

Frequency distributions for each of nine variables measuring satisfaction with the college
experience are presented in Tables 8.1 through 8.9. In each table the frequency distribution for the
variables is presented separately for each of 16 subgroups. The subgroups are defined by gender,
ethnicity (Anglo, African American, Latino, and Asian American), and whether the student was a
science major or not. It is recognized that both “Latino” and “Asian American” are broad
categories. For example, the category Asian American used here and elsewhere by researchers,
would encorapass students of Japanese, Chinese, Korean, Thai, and other backgrounds. Each of
those cultures is distinctly different and each presumably would have a different effect on the
values, orientation, and aspirations of college students. Unfortunately, even with the large sample,
there still are not enough students from each of these subgroups to justify statistically
disaggregating the analysis at that fine a level. In preliminary analyses we disaggregated and
analyzed separately Puerto Rican students, but the numbers were so small as to call into question
the reliability of estimates based on those subsamples. Consequently, Puerto Rican students were
added into the “Latino” category.

These tables about the satisfaction variables contain a considerable amount of data.
Nonetheless, a few trends in the data are strong enough to warrant being highlighted. The general
level of satisfaction reported for some of the variables, €.g., science and math courses, courses in
major field, and contact with faculty/administration, is higher than the percentages reported for the
other variables. With the exception of the two variables directly dealing with science, i.e., science
and math courses and laboratory facilities, the responses of science majors and nonscience majors
are approximately the same. (In the case of those two exceptions, the science majors reported

higher levels of satisfaction than the nonscience majors.)
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Table 8.1
Frequency Distributions: Satisfaction with Science and Math Courses

Percentages)
Very
Subgroup N Dissatisfied Neutral Satisfied Satisfied
Anglo
Male  Science major 1267 5.5 6.7 43.2 44.6
Nonscience 2853 10.6 27.0 46.5 15.9
Female Science 877 329 6.5 45.5 44.1
Nonscience 5310 11.9 25.7 47.3 15.0
African-American
Male Science 35 2.9 29 40.0 54.3
Nonscience 114 12.3 26.3 43.9 17.5
Female Science 79 10.1 5.1 418 43.0
Nonscience 313 12.8 252 50.5 11.5
Latino
Male Science 17 11.8 11.8 41.2 35.3
Nonscience 47 149 234 38.3 234
Female Science 16 18.8 6.3 31.3 43.8
Nonscience 83 13.3 19.3 53.0 14.5
Asian-American
Maie  Science 106 .2.8 104 55.7 31.1
Nonscience 80 12.5 25.0 425 20.0
Female Science 72 97 2.8 55.6 31.9
Nonscience 158 11.4 25.9 48.7 13.9
Table 8.2
Frequency Distributions: Satisfaction with Courses in Major Field
sgercentagesz
—— — ———
Very
Subgroup N Dissatisfied Neutral Satisfied Satisfied
Anglo
Male  Science major 1263 47 7.8 383 49.2
Nonscience 2955 6.3 7.5 39.1 47.1
Female Science 872 4.5 5.0 396 50.9
Nonscience 5539 6.6 5.1 36.3 52.0
African-American -
Male  Science 35 5.6 13.9 333 47.2
Nonscience 115 6.1 6.1 35.7 52.2
Female Science 78 11.5 5.1 436 39.7
Nonscience 308 10.1 55 38.0 46.4
Latino
Male  Science 17 11.8 0.0 41.2 47.1
Nonscicnce 49 2.0 10.2 34.7 53.1
Female Science 16 18.8 12.5 18.0 50.0
Nonscience 87 2.3 5.7 39.1 52.9
Asian-American
Male  Science 104 5.8 9.6 50.0 346
Nonscience 81 2.5 8.6 46.9 42.0
Female Science 72 11.1 5.6 40.3 43.1
Nonscience 165 10.3 7.3 48.5 33.9
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1 . Table 8.3
‘ Frequency Distributions: Satisfaction with Overall Quality of Instruction
1 =
! Subgroup N Dissatisfied Neutral Satisfied Satisfied
‘ Anglo
| l Male  Science major 1268 53 12.9 53.8 28.1
3 Nonscience 3018 4.4 13.5 52.6 29.5
| Female Science 881 32 11.7 54.3 30.9
| ' Nonscience 5655 4.2 103 53.7 31.8
| African-American
Male  Science 36 5.6 19.4 47.2 27.8
] Nonscience 119 4.2 202 479 27.7
| l Female Science 79 5.1 i14 59.5 24.1
i Nonscience 324 43 16.4 54.9 24.4
! . Latino
3 Male  Science 17 0.0 11.8 58.8 294
Nonscience 50 2.0 18.0 34.0 46.0
Female Science 16 18.8 12.5 50.0 18.8
' Nonscience 89 4.5 7.9 46.1 41.6
Asian-American
| Male  Science 106 9.4 142 54.7 21.7
l Nonscience 82 4.9 8.5 67.1 19.5
Female Science 72 42 153 62.5 18.1
Nonscience 167 4.2 114 56.3 28.1
. Table 8.4
| Frequency Distributions: Satisfaction with Lab Facilities and Equipment
sgercemages! —
' Very
Subgroup N Dissatisfied Neutral Satisfied Satisfied
| ' Anglo '
; Male  Science major 1239 134 16.8 43.3 26.5
| Nonscience 2365 11.0 29.7 432 16.1
Female Science 854 12.1 13.8 47.8 26.3
‘ l Nonscience 4394 8.5 26.9 47.6 16.9
African-American
Male  Science 36 222 139 38.9 25.0
l Nonscience 106 19.8 274 349 17.9
Female Scicnce 78 26.9 15.4 38.5 19.2
Nonscience 278 15.8 26.3 46.4 11.5
' Latino
Malec  Science 17 0.0 11.8 52.9 35.3
Nonscience 41 9.8 34.1 31.7 244
Female Science 16 43.8 18.8 31.3 6.3
l Nonscience 70 7.1 30.0 47.1 15.7
Asian-American
Male  Science 105 6.7 22.9 514 19.0
' Nonscience 68 7.4 26.5 52.9 13.2
Female Science 70 8.6 17.1 60.0 14.3
' Nonscience 131 7.6 22.9 52.7 16.8




l Table 8.5
Frequency Distributions: Satisfaction with Library Facilities
i =
Subgroup N Dissatisfied Neutral Satisfied . Satisfied
Anglo
l Male  Science major 1263 14.2 13.1 40.5 32.2
Nonscience 3007 18.1 13.7 399 28.3
Female Science -879 19.9 14.8 38.0 27.3
I Nonscience 5644 19.5 13.4 41.0 26.1
African-American
Male Science 36 16.7 27.8 33.3 22.2
Nonscience 118 20.3 16.1 35.6 28.0
l Female Science 79 49.4 8.9 253 16.5
nonscience 323 33.1 14.9 35.0 17.0
Latino '
' Male Science 17 17.6 1.8 41.2 294
Nonscience 50 10.0 16.0 32.0 42.0
Female Science 16 25.0 18.8 31.3 25.0
' Nonscience 89 23.6 7.9 449 23.6
Asian-American
Male  Science 105 13.3 13.3 50.5 229
' Nonscience 83 14.5 12.0 44.6 28.9
Female Science 72 16.7 8.3 47.2 27.8
Nonscience 166 14.5 13.3 45.8 26.5
' Table 8.6
Frequency Distributions: Satisfaction with Computer Facilities
SI_’ercentagesz
' Very
Subgroup N Dissatisfied Neutral Satisfied Satisfied
I Anglo
Male  Science major 1230 9.5 16.4 38.7 35.4
Nonscience 2807 13.6 17.1 41.5 27.8
Female Science 831 11.1 16.0 44.0 28.9
l Nonscience 5079 13.1 16.9 45.7 24.3
African-American
Male Science 35 17.1 20.0 37.1 25.7
l Nonscience 112 10.7 19.6 42.0 277
female Science 75 8.0 13.3 46.7 32.0
Nonscience 306 13.1 15.0 46.1 25.8
' Latino
Male  Science 17 294 17.6 11.8 41.2
Nonscience 48 8.3 22.9 29.2 39.6
‘ Female Science 13 7.7 154 46.2 30.8
l Nonscience 78 12.8 14.1 41.0 32.1
Asian-American
Male  Science 102 7.8 17.6 33.3 412
' Nonscience 75 9.3 14.7 45.3 30.7
Female Science 69 58 15.9 46.4 319
Nonscience 149 7.4 14.1 48.3 30.2
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Table 8.7

Subgroup N Dissatisfied Neutral Satisfied Satisfied
Anglo
Male  Science major 1256 6.7 11.6 375 44."
Nonscience 2985 5.2 11.2 354 48.1
Female Science 871 4.4 8.4 32.5 54.8
Nonscience 5617 4.3 9.6 36.3 49.7
African-American
Male Science 36 5.6 16.7 41.7 36.1
Nonscience 119 5.0 10.1 454 39.5
Female Science 79 3.8 13.9 354 46.8
Nonscience 323 4.6 7.4 45.8 42.1
Latino
Male Science 17 11.8 0.0 47.1 412
Nonscience 49 6.1 12.2 42.9 38.8
Female Science 16 18.8 12.5 12.5 56.3
Nonscience 88 8.0 8.0 432 40.9
Asian-American
Male  Science 104 17.3 26.0 35.6 21.2
Nonscience 83 10.8 20.5 38.6 30.1
Female Science 70 10.0 20.0 30.0 40.0
Nonscience 163 6.1 14.7 41.7 37.4
Table 8.8
Frequency Distributions: Satisfaction with Contact with Faculty/Administration
%
- — =T
Very
Subgroup N Dissatisfied Neutral Satisfied Satisfied
Anglo
Male  Science major 1253 8.5 223 42.0 27.3
Nonscience 2977 7.6 18.9 419 31.7
Female Science 873 7.0 16.0 41.1 35.9
Nonscience 5572 7.4 18.3 42.7 31.6
African-American
Male  Science 36 16.7 25.0 472 11.1
Nonscience 118 7.6 28.0 40.7 23.7
Female Science 78 12.8 14.1 50.0 23.1
Nonscience 325 8.9 21.2 474 22.5
Latino
Male  Science 17 5.9 23,5 52.9 17.6
Nonscience 48 6.3 22.9 37.5 333
Female Science 16 18.8 25.0 25.0 31.3
Nonscience 89 11.2 15.7 48.3 24.7
Asian-American
Male  Science 105 17.1 36.2 324 14.3
Nonscience 81 17.3 27.2 39.5 16.0
Female Science 70 18.6 31.4 32.9 17.1
Nonscience 161 9.3 24.2 42.9 23.6
8-13
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Table 8.9
Frequency Distributions: Satisfaction with Relations with Faculty/Administration
ercentages
Very
Subgroup N Dissatisficd Neutral Satisficd Satisfied
Anglo
Male  Scicnce major 1252 7.6 22.8 44.3 25.2
Nonscience 2981 7.3 18.3 44.0 304
Female Scierce 869 6.2 17.1 43.0 336
Nonscience 5568 6.1 18.0 44.7 312
African-American
Male  Science 36 13.9 25.0 41.7 19.4
Nonscience 119 7.6 294 46.2 16.8
Female Science 79 19.0 12.7 43.0 253
Nonscicnce 321 12.8 18.4 449 24.0
Latino
Malc  Science 17 5.9 29.4 58.8 59
Nonscicnce 50 6.0 18.0 42.0 34.0
Female Science 16 18.8 18.8 37.5 25.0
Nonscience 88 9.1 18.2 50.0 22.7
Asian-American
Male  Science 105 13.3 40.0 38.1 8.6
Nonscicnce 81 12.3 30.9 39.5 17.3
Female Science 69 13.0 34.8 36.2 15.9
Nonscicnce 162 8.0 24.7 41.4 25.9

These differences in satisfaction with science and math courses between science majors and
nonscience majors may be important (Table §.1). Note that these two groups report roughly
equivalent levels of satisfaction with course work in their own fields (Table 8.2). It’s not the case
that nonscience majors are inherently more dissatisfied with course work than science majors. The

low levels of satisfaction with science and math courses on the part of nonscience majors may

relate directly to issues addressed by Sheila Tobius in They're Not Dumb, They’re Different.
Tobias hired highly literate people who successfully had studied the humanities to take introductory
science courses and to keep journals about their experiences. In other words, these were
intelligent, articulate people, all post-graduates in the humanities, who had not been drawn into
science for one reason or another. Their journals revealed numerous problems in the way
introductory science courses are presented, problems that deter many people from further study in

science. For example, one student complained that the professor rushed from topic to topic,
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devoiing little or no time to integrating the material with the knowledge base the students brought to
the classroom. Discussion and interpretation were down-played or omitted.

Factors like those uncovered by Tobias may explain the discrepancies in satisfaction levels
reported in Table 8.1. For example, among Anglos (the largest single ethinic subgroup) the
percentages of science majors who report that they are neutral or dissatisfied with science and math
courses are 12.2 (males) and 10.4 (females). By contrasi, the percentages of Anglo nonscience
majors who report that they are neutral or dissatisfied are 37.6 (males) and 37.6 (females).
Examination of the data for Asian Americans (the ethnic subgroup yielding the second highest
number of science majors) reveals that the comparable percentages of science majors who were
neutral or dissatisfied with their science and math courses are 13.2 (males) and 12.5 (females).
For nonscience majors these percentages jumped to 37.5 (males) and 37.3 (females). The same
rend can be observed in the percentages reported for African-American and Latino students.

For the first three variables (Tables 8.1, 8.2, and 8.3), which deal with courses and
instruction, men and women report roughly equivalent levels of satisfaction. With some
exceptions, men report higher levels of satisfaction than wo'men with the next three variables
(Tables 8.4, 8.5, and 8.6), which deal with facilities and resources. Men report higher levels of
satisfaction with laboratory facilities, and with library facilities (except among Asians). Among
scientists, males report higher fevels of satisfaction with computer facilities thar women (except
among Blacks). With some exceptions, women consistently report higher levels of satisfaction
than 1i=n on the variables having to do with student-faculty interaction. Specifically, women score
higher on satisfaction with opportunity to talk to professors (Table 8.7), satisfaction with contact
with faculty/administration (Table 8.8) (although this is true among science majors only), and
satisfaction with relations with faculty/administration (Tabje 8.9) (except among Latino

nonscientists where males score higher).

Satisfaction with overall quality of instruction (Table 8.3) is an important outcome. There are
a few striking differences between subgroups on this variable. It should be noted that among

African-Americans, males are somewhat more likely to say that they are very satisfied with
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instruction than females. Among Latinos, nonscience majors are more likely to report being very
satisfied with the quality of instruction than science majors. However, some of these differences
may relate to the very subtle distinction between “very satisfied” and “satisfied.”

Within each ethnic group females express somewhat higher levels of dissatisfaction with
library facilities (Table 8.5). In comparing the ethnic subgroups, it is clear that the African-
American students tend to be less satisfied with library facilities than the other three subgroups for
whom data are reported in these tables. Also, there is a small trend in which female students tend
to report more dissatisfaction with library facilities than male students.

The data in Table 8.7 concern satisfaction with the opportunity to talk with professors. It is
clear that Asian-Americans are considerably more dissatisfied than students from other ethnic
subgroups. There are no striking differences reported in this table between science majors and
nonscience majors. Women tend to report higher levels of satisfaction than men with their
opportunity to talk to professors.

Similarly, the data in Table 8.8 reveal that Asian-Americans are most likely to be dissatisfied
with their contact with faculty and administration. The ethnic subgroup reporting the highest level
of satisfaction with respect to this outcome is Anglos. The data reported in Table 8.9 indicate thai
Anglos have the highest level of satisfaction with relations with faculty and administraiion.
Women tend to be somewhat more likely than the men to indicate that they were very satisfied with
relations with the faculty and administration.

In summary, there are few trends in these satisfaction variables relating to ethnicity. Anglos
tend to report higher levels of satisfaction with: science and math courses (African Americans also
report high levels), library resources, opportunities for contact with faculty/administration and
relations with faculty/administration. Asian-Americans report less satisfaction with opportunity to
talk to professors and with coursework in their majors.

The follow-up survey contained 27 items assessing student satisfaction with various
undergraduate programs. The nine variables reported above in Table 8.1 through 8.9 were selected

as the satisfaction items that related, directly or indirectly, to science, mathematics and engineering.




Since satisfaction is the primary focus of this section of the report, a principal components factor
analysis, and Varimax rotation, were conducted with these items to explore further their structural
characteristics. The sample contained science majors only. Table 8.10 presents the rotated factor
matrix and the associated eigenvalues. It is clear that factor 1 deals with students’ interaction with
professors and the administration; factor 2 assesses their reaction to courses, curriculum and
instruction; and factor 3 focuses on equipment, facilities and resources. Building upon these
results, three new composite variables were created. In each case, the three variables with high
factor loadings on each factor simply were added together with unit weights. Thus, the composite
variable related to factor 1 was created by adding scores for opportunity to talk to professors,
contact with {aculty/administration, and relations with faculty/administration.

The three composite variables then were subjected to reliability tests. The Cronbach Alphas
achieved by each of the the variables were: composite variable 1 (Alpha = .87); composite variable
2 (Alpha = .74); and composite variable 3 (Alpha = .63).

In an earlier study, Milem (1991) conducted a factor analysis (using the principal access

factoring method) of all 27 items in the follow up survey that assessed student satisfaction. (Milem

Table 8.10

Rotated Factor Matrix _____

Satisfaction with: Factor 1 Factor 2 Factor 3
science and math courses .16 .83 .09
courses in major field 15 .84 .08
overall quality of instruction A7 .56 .24
lab facilities and equipment .10 .34 .65
library facilities | -03 -01 80
computer facilities .08 .06 .78
opportunity to talk to professors .80 .23 .01
contact with faculty/administration 92 13 04
relations with faculty/administration .89 .14 .07
Eigenvalue 348 1.64 1.08
Percent of variance 38.70 18.30 12.00
N=2312




employed a method which calculated initial communality estimates from the squared multiple
correlations while the current analysis used a method which set the communalities equal to unity.)
Following Varimax rotation, Milem identified a five factor model. One of his factors, about faculty
contact, was identical with the factor about faculty contact in this study. Milem’s factor 4,
academic facilities, included five variables initially; however, when he calculated the final factor,
only three variables were included and it was identical with the academic facilities factor in this
study. Thus, two of the three factors identified by focussing on the nine science-related variables
were identical with those identified in Milem’s study of the full range of 27 satisfaction items. The
third factor in this study, about courses, curriculum and instruction, does not directly parallel

Milem’s findings.

Goals, Experiences, and Self-Concepts

Tables 8.11 through 8.15 present frequency distributions for three career activity goals
(“making a theoretical contribution to science”, “becoming an authority in my field”, and
“obtaining recognition from my colleagues for contributions to my special field”), three research
and teaching experiences (“‘worked on professor’s research project”, “assisted faculty in teaching a

LYY

course”, “worked on an independent research project”), and mathematical ability self-concept.

For the most part, in each of these tables male students achieve higher percentages in science
related activities or aspirations than female students and science majors certainly exhibit higher
percentages than nonscience majors. But there are some surprises. For one thing, minority
students tend to report percentages comparable to those of majority, or Anglo, students. Also, the
proportion of female science majors who report working on a professor’s research project is higher
than the proportion of male science majors, within each ethnic group. Although the sample sizes
are quite small, it should be noted that Latino women score higher than Latino men on each of the
career activity goal measures.

While there are no surprising trends in the data reported for the goal of making a theoretical

contribution to science (Table 8.11), an interesting difference emerges from Table 8.12 about the
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goal of becoming the authority in one’s field. Among science majors, males are more likely to list
this as an essential goal than females in each ethnic group. An exception is the Latinos where
females are more likely to list this as an essential goal; however, as indicated earlier, the data on
Latino science students should be read with caution, since the sample sizes are so low. Also,
within all ethnic subgroups, except Asian-Americans, male nonscience students are more likely to
list this an as essential goal than female nonscience students.

Table 8.13 presents data on the goal of “obtaining recognition from my colleagues for
contributions to my special field” and includes an interesting finding that, undoubtedly, relates to
cultural norms. Among science majors, Asian-American males are considerably more likely than
Asian-American females to list this as an essential goal. With the exception of Latinos, there is a
more general trend in which males (both science and nonscience majors) list this as an essential
goal somewhat more frequently than females.

Examination of Table 8.14 reveals that Asian-American women were much more likely than
Asian-American men to have worked on a professor’s research project and to have assisted faculty
in a course (both science and nonscience majors). Clearly, science majors are more likely than
nonscience majors to have worked on a professor’s research project and to have assisted faculty in
teaching a course. Asian-Americans were somewhat less likely than students from other ethnic
groups to have worked on an independent research project. This was true of both science and
nonscience majors. Among science majors, males were somewhat more likely to have worked on
an independent research project.

Given the central importance of self-concept in the development of educational aspirations
and career choice, Table 8.15 is particularly instructive. The most dramatic differences are found
between male and female follow-up self-concepts. The percent of Anglo male science majors who
see themselves as being in the “highest two percent” is 44.1 while the corresponding percent for
Anglo female science majors is 29.4. The percentages of science majors who report that they are in

the top ten percent for each of the other three ethnic groups are as follows: African-American




I Table 8.11
Frequency Distributions: Goal is Making a Theoretical Contribution to Science
- — — —— —f ———— ——————— —————— - - {
' Not Somewhat Very
Subgroup N Important Important Important Essential
Anglo
Male  Science major 1267 26.5 37.2 25.3 11.0
Nonscience 3014 72.0 19.9 6.2 1.9
Female Science 881 31.6 35.2 22.9 10.3
I Nonscience 5654 753 18.5 4.8 1.3
African-American ‘
Male  Science 36 333 278 25.0 13.9
Nonscience 118 52.5 35.6 7.6 4.2
Female Science 79 24.1 34.2 30.4 114
Nonscience 325 61.5 25.5 8.9 4.0
i Latino
B Male  Science 17 17.6 64.7 5.9 11.8
Nonscience 50 64.0 20.0 8.0 8.0
Female Science 16 12.5 375 31.3 18.8
I Nonscience 89 60.7 28.1 9.0 22
; Asign-American
‘ Male  Science 105 276 37.1 229 124
l Nonscience 83 55.4 30.1 13.3 1.2
Female Science 71 26.8 40.8 23.9 8.5
Nonscience 167 69.5 21.6 6.0 3.0
‘ l Table 8.12
Frequency Distributions: Goal is Becoming an Authority in my Field
(Percentages)
Not Somewhat Very
Subgroup N Important Important Important Essential
I Anglo
Male  Science major 1268 53 27.1 41.6 259
Nonscience 3015 6.5 239 43.1 26.4
Female Science 881 6.7 30.9 43,1 19.3
' Nonscience 5656 6.2 27.8 42.2 23.7
African-American
Male  Science 36 2.8 16.7 41.7 389
l Nonscience 118 4.2 11.0 449 39.8
Female Science 79 38 17.7 45.6 329
Nonscience 325 43 15.4 45.2 35.1
| I Latino
Male  Science 17 5.9 35.3 41.2 17.6
Nonscience 50 10.0 18.0 32.0 40.0
Female Science 16 0.0 18.8 43.8 375
I Nonscience 89 5.6 27.0 42.7 24.7
Asian-American
Male Science 106 4.7 27.4 36.8 31.1
l Nonscience 82 7.3 18.3 47.6 26.8
Female Science 71 7.0 36.6 394 16.9
Nonscience 167 9.0 26.3 38.3 26.3
r 8-20
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Table 8.13
Frequency Distribwions: Goal is Obtaining Recognition from my Colleagues for

Contributions to my Sgecial Field gzercentages!

Not Somewhat Very
Subgroup N Important Important Important Essential
Anglo
Male  Science major 1267 9.7 38.0 37.6 14,7
Nonscience 3012 10.8 357 37.3 16.3
Female Science 880 9.1 40.3 37.0 13.5
Nonscience 5656 10.4 357 39.0 14.9
African-American
Male Science 36 8.3 333 41.7 16.7
Nonscience 117 43 26.5 41.0 28.2
Female Science 79 6.3 418 354 16.5
Nonscience 325 9.5 33.5 40.3 16.6
Latino
Male  Science 17 11.8 412 11.8 353
Nonscience 50 14.0 3C.0 32.0 240
Female Science 16 0.0 12.5 43.8 438
Nonscience 88 6.8 29.5 443 19.3
Asian-American
Male Science 106 57 38.7 34.9 20.8
Nonscience 82 14.6 36.6 36.6 12.2
Female Science 71 11.3 479 31.0 99
Nonscience 168 11.3 33.9 33.9 20.8
Table 8.14
Research and Teaching Experiences (% yes)
Worked on Assisted Faculty Worked on an
Professor’s in Teaching Independent
N Research Project a Course Research Project
Anglo
Male  Science major 1271 394 259 61.6
Nonscience 3028 17.1 17.1 61.8
.  Female Science 883 387 28.7 58.6
Nonscience 5667 19.2 15.3 59.5
African-American
Male  Science 36 38.9 278 61.1
Nonscience 119 26.1 25.2 70.6
Female Science 79 40.5 19.0 59.5
Nonscience 327 24.2 , 174 63./
Latino
Male  Science 17 41.2 244 64.7
Nonscience 50 24.0 22.0 48.0
Female Science 16 43.8 18.8 56.2
Nonscience 89 23.6 124 58.4
Asian-American
Male Science 106 41.5 21.) 56.6
Nonscience 83 16.9 8.4 54.2
Female Science 72 514 20.8 48.6
Nonscience 168 26.2 18.5 60.7
8-21
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Table 8.15
Frequency Distributions: Mathematical Ability Self-Concept
(Percentages)
- Towest Below Above Highest
Subgroup N 10% Average Average Average 10%
Anglo
Male  Science major 1269 0.1 2.0 12.2 41.6 44.1
Nonscicnce -3018 2.0 13.9 35.2 36.1 12.8
Female Science 881 0.2 3.3 20.2 46.9 29.4
Nonscience 5647 3.0 18.9 41.1 31.1 5.9
African-American
Male  Science 36 0.0 2.8 5.6 63.9 27.8
Nonscience 118 2.5 14.4 41.5 28.8 12.7
Female Science 79 0.0 1.3 26.6 50.6 215
Nonscience 326 4.3 19.9 44.2 26.4 5.2
Latino
Male  Scicnce 17 0.0 0.0 5.9 23.5 70.6
Nonscience 50 4.0 18.0 26.0 320 20.0
Female Science 16 0.0 25.0 313 18.8 25.0
Nonscience 88 34 28.4 36.4 28.4 3.4
Asian-American
Male  Science 106 0.0 0.9 7.5 49.1 42.5
37.8 15.9
Female Science 71 0.0 2.8 25.4 42.3 29.6
Nonscicnce 167 1.8 9.0 37.7 45.5 6.0

(males 27.8 percent and females 21.5 percent), Latinos (males 70.6 percent and females 25.0
percent) and Asian-American (males 42.5 percent and females 29.6 percent).

These statistics about self-concept are both revealing and disturbing. Nevertheless, a critic
might note that even though science majors tend to excel in math, they fail to take into account the
actual mathematical ability of the students who are reporting their self-concepts. Consequently, we
performed an additional analysis using the student’s score on the quantitative portion of the
Scholastic Aptitude Test as a measure of mathematical ability. For the full sample, the ninetieth
percentile, i.e., the SAT score that defined those students who actually were in the top ten percent,
was 670. The ten percent of our longitudinal sample that achieved scores greater than or equal to
670 on the SAT Quantitative subtest included 1,723 people, of whom 1,152 were male and 571
were female. Among the males in this elite group, 53.5 percent considered themselves in the top
ten percent and an additional 35.1 percent considered themselves “above average.” Among these

high aptitude women only 32.6 percent considered themselves in the top ten percent and an

l Nonscience 82 12 14.6 30.5




additional 51.3 percent considered themselves “above average.” One-sixth of the women whose
scores placed them in the highest ten percent defined themselves as either average, below average,
or in the lowest ten percent!

Further light is shed on this important construct if we relate follow-up mathematical ability
self-concept not only to actual ability but also to the self-concept reported by the student as an
entering freshman. As can be seen in Table 8.16, among men 734, or 63.7 percent of those men
who indeed were in the top ten percent, defined themselves that way when they entered s
freshmen. Four years later that percentage had reduced to 53.5 percent. Two hundred and twenty-
one of the 734 who initially had accurately placed themselves in the top ten percent reduced their
own self-assessment while another 103 students who initially had erroneously placed themselves
lower now considered themselves in the highest ten percent.

Among women, 273 out of 571 women, or 47.8 percent, who actually were in the top ten
percent defined themselves that way when they entered college. Four years later only 136 (half of
the group) of the 273 continue to define themselves as being in the top category; 50 high ability
women who initially defined themselves in the lower category as freshmen had increased their
assessment during the four year period and now placed themselves appropriately in the highest
category. Nevertheless, the proportion of high ability women who actually were in the top ten
percent and also perceived themselves as being in the top ten percent dropped from 47.8 percent to
32.6 percent during the college years.

It is important that we and other researchers explore the dimensions of the impact of college
upon these students so that we can understand how the self-concepts of both men and women are
affected by those experiences. Are these relative deprivation effects? Are declines in self-concept
more frequently experienced in certain kinds of college environments?

The effects of the educational system, and other forces in the culture, on the self-concepts of

women, including high-ability women, is unsettling.
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Table 8.16
l Math Ability Self-Concepts of Top Math Students
1985 Self-Concept
I Males
| Below top 10% In top’ 10%
l 315 221 536
Below top 10%
| 75.4% 30.1% 46.5%
1989 Self-Concept
| l 103 513 616
In top 10%
, niop 24.6% 69.9% 53.5%
}
| 418 734 1152
| I 36.3% 63.7%
‘ ' 1985 Self-Concept
I Females
Below top 10% In top 10%
248 137 385
I Below top 10%
83.2% 50.2% 67.4%
I 1989 Self-Concept
' 50 136 186
In top 10%
16.8% 49.8% 32.6%
l 298 273 571
l 52.2% 47.8%
8-24




Regression Analyses

Blocked stepwise regression analyses were conducted to identify individual and institutional
factors related to the key dependent variables for the science majors. The outcome measures were
the three satisfaction composite variables and the students’ commitment to making a theoretical
contribution to science. Separate -gressions were run for men and women. The potential input

variables were assessed sequentially in eight blocks:
1. 1985 pretest of the 1989 outcome measure
Demographic and other background characteristics
Major and career aspirations
Freshman living arrangements and financial aid
Curriculum, peer, and faculty measures
Institutional characteristics (for example, selectivity)
The magnitude of the exposure to the environment, i.e., years enrolled

0~ AN bW N

Intermediate outcomes

Tables 8.17 through 8.24 report the findings from these regression analyses. In the case of
each outcome variable, separate regressions were run for men and women. The sample for these
regressions included only science majors and, of course, only students who were still in school at
the time of the follow-up survey. Each table reports the background characteristics and college
environment measures that entered the multiple regression equation with a confidence level of at
least .001. (The regression coefficient for those variables that were no longer significant when the
regression analysis was completed are contained in parentheses.) For each variable, the Beta and
the original Pearson correlation with the dependent variable are reported. In addition, the
unstandardized regression coefficient, the b, is reported so that, when appropriate, the predictive
power of a given variable can be compared for men and women across regressions. Finally, the
college experience variables, i.e., the intermediate outcome variables, that subsequently entered the
equation are listed along with their regression coefficients. It is important to note that, while the
Betas for the college experience variables can be compared with each other to prioritize relative
predictive power, these Betas should not be compared directly with those for the background and

environment measures which were yielded at a different point in the regression analysis.
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Table 8.17
Prediction of Satisfaction Factor 1: Faculty

Sgle science majors, N=1431)

Variable Simple r b Beta
Background Characteristics

Expect to be satisfied with college .14 47 .10
Race: White 17 .68 .09
Felt depressed in high school -12 -46 -.10
Asked teacher for advice in high school .08 27 .07
Attending first choice of college 11 (.12) (.03)
Outside work -07 (-.08) (-.04)
Typology score: activist 06 (03) (.02)
Career choice: engineering -.13 (-.04) (-.01)
College Environments

Plan to live on campus in fall 13 (31) 04
Other college grant 10 17 03
Aid source: parents or family -.05 (-.04) (-.04)
Plan to live off campus in fall -13 (-.81) -04)
Faculty have student orientation 45 38 30
Faculty use graduate teaching assistants -41 -.58 -12
R=.51)

College Experiences

Completed at least 4 years .14 (.26) .02)
Talked with faculty outside of class 33 Sl .19
College GPA 17 31 13
Left school or transferred -.16 -.80 -.11
discussed course with other students A3 33 .07
Received vocational/career counseling 17 .28 07
Participated in campus demonstrations -01 -40 -.06
Assisted faculty in teaching .20 34 .06
(R=.60)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed after
all environmental variables entered the regression equation. Coefficients for college experience variables are those
listed in the last equation. Coefficients in parentheses represent those which did not remain significant.

Considerable information is contained in these regression results. The predictive power (as
reflected in the multiple R) is somewhat lower for Factor 2 (courses and instruction) than it is for
the other variables. Also, the predictive power (as reflected in the multiple R) with the male
samples is higher than that for the females in the case of each of the three satisfaction composite
variables. Perhaps the most interesting finding revealed by the regression coefficients is that, for
these satisfaction factors, the variables indicating that faculty reported a high orientation toward
students (in the separate survey of faculty) consistently has a powerful impact. This variable

typically yields a Beta which is substantially higher than the Betas for all the other background and
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Table 8.18

Prediction of Satisfaction Factor 1: Faculty

gcmale science ma!'ors! N=10482

Variable Simple r b Bela
Background Characteristics

Expectation: Be satisfied here a1 36 .08
Race: Asian-American -13 -75 -.08
Typology score: scholar 10 7 .08
College Environments

Other college grant 12 (.12) (.03)
Faculty have student orientation 41 47 39
Peer mean; social activism A3 -.33 -.09
% instruction-oriented sxpenses 27 .02 09
(R=45)

College Experiences

Completed at least 4 years 14 (.87) 07
Tatked with faculty outside of class 27 (.39) (.16)
Left school or transferred -20 -1.16 -.16
Guest in professor’s home 29 44 .10
Participated in campus demonstrations 00 -46 -.08
Elected to student office .16 39 07
(R=.55)

Notes: Coefficients presented for background characteristics and college environmental experiences are those listed after
all environmental variables entered the regression equation. Coefficients for college experience variables are those
listed in the last equation. Coefficients in parentheses represent those which did not remain significant.

environment measures. This finding confirms results from a considerable body of previous
research about student-faculty interaction. There is no question that the degree to which the faculty
is oriented toward working with students is very strongly related to the satisfaction of students
with their college science experiences. In the case of student satisfaction with facilities, the
coefficient is negative, probably indicating that institutions strongly oriented towards teaching tend
to be less oriented towards research and to tend have less adequate facilities.

Next, the substantively and/or statistically interesting predictors of each criterion variable are
examined. Each regression will be reviewed after the college environment measures have entered.
In addition, important college experience, or intermediate outcome, variables that entered

subsequently will be identified.
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Table 8.19
Prediction of Satisfaction Factor 2: Curriculum

SMale science ma!'ors, N=14622

Variable Simple r b Beta

Background Characteristics

Expectation: Be satisfied here 17 47 12

High school GPA 15 17 , 11

1984 activity: felt depressed -12 -37 -.10
1984 activity: was in science contest 09 24 .08

Choice of college A1 (.16) (.06)
Career choice: engincering -.09 (-.06) (-02)
College Environments

Distance from home to college .09 (.02) (01
